conjugating the first monoclonal antibody to the second monoclonal antibody, wherein 
the first and second monoclonal antibodies have anti-neoplastic activity in a conjugated 
form and have substantially no anti-neoplastic activity in an unconjugated form. 

43. (Three times amended) A pharmaceutical composition comprising a homoconjugate 
comprising a monoclonal antibody and a pharmaceutically acceptable carrier, wherein the 
monoclonal antibody does not comprise an Fc region and wherein the monoclonal antibody is an 
anti-CD 19, anti-CD20, anti-CD21, anti-CD22, anti-breast tumor, anti-ovarian tumor, 
anti-prostate tumor, anti-lung tumor, or anti-aHer2 monoclonal antibody and wherein the 
monoclonal antibody has anti-neoplastic activity in a conjugated form and has substantially no 
anti-neoplastic activity in an unconjugated form. 

REMARKS 

Entry of the amendments is believed proper given that they will substantially reduce the 
number of issues on appeal and place certain claims in condition for allowance. 

The Advisory Action withdrew rejections of claims 4, 5, 16, 17, 46, and 47 under 35 
U.S.C. § 102(b) as anticipated by Ahlem et al. 9 U.S. Patent 5,273,743. See Advisory Action 
page 2, paragraph 1. Despite the assertion of the Advisory Action that "No claims are allowed," 
(Advisory Action page 5, line 11), and the assertion on the cover sheet that these claims are 
rejected for purposes of appeal, no grounds of rejection are of record against these claims. 

After entry of both Amendments, the subject matter of former claims 4, 5, 16, 17, 46 and 
47 is in independent claim format with all other claims dependent to them. There are no other 
rejection of claims covering this subject matter. Therefore, because all rejections have been 
withdrawn with respect to the subject matter of these claims, Applicants respectfully submit that 
the current claims stand allowable upon entry of both amendments. Because all of the remaining 

25041425.1 

3 



rejected claims depend upon these amended claims, their rejections should be moot upon entry of 
the amendment. Therefore, entry of this Second Amendment will reduce the number of issues 
on appeal to simply whether or not the claims after entry of the Second Amendment are 
allowable. 

The examiner is invited to contact the undersigned at the telephone number listed below 
with any questions. 



Respectfully submitted, 



MarkB. Wilson 
Reg. No. 37, 259 
Attorney for Applicants 

FULBRIGHT & JAWORSKI L.L.P. 
600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
(512) 536-3035 
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METHOD FOR THE TREATMENT OF 
TUMORS WITH CONJUGATED ANTIBODY 
ASB7 AND A PRODRUG 

This is a Division of application Ser. No. 08/313,866 
filed Sep. 28, 1994 which is a division of Ser. No. 07/642, 
301 filed Dec 21, 1990 now abandoned. 

This invention relates to methods and systems for the 
control of neoplastic cell growth and is particularly con- 
cerned with methods and systems involving the localisation 
of cytotoxic agents at tumour sites. 

In our earlier Patent Application PC17GB88/00181 we 
disclose a two-component system which comprises 

(i) a first component (Component A-E) that is an anti- 
body fragment capable of binding with a tumour associated 
antigen, the antibody kzvmrt being bound to an enzyme 
capable of converting a prodrug into a cytotoxic drug; (ii) a 
second or final component (Component PD) that is a pro- 
drug convertible under the influence of the enzyme to a 
cytotoxic drug (CD). 

In our earlier PCT Patent Application and in this present 
Patent Application, the word * tumour* is to be understood as 
referring to all forms of neoplastic cell growth including 
carcinomas, sarcomas, lymphomas and leukaemias. 

Our existing system is used to target cytotoxic prodrugs 
to the site of neoplastic cell growth. However, although mis 
two-component system is useful in the control of tumours, 
the amount of first component that localises per gram of 
tumour in humans may be less than 0. 1% the total amount 
of first component administered. A substantial proportion of 
me non-localised first component including active enzyme 
remains in the circulating blood. It is therefore desirable to 
reduce the amount of this freely circulating antibody- 
enzyme first component before administration of the pro- 
drug so as to limit the formation of active drug in blood from 
where it would be carried to normal tissues. A similar 
problem arises when the first component is prepared from 
whole antibody. 

The present invention provides methods for the removal 
from blood of residual conjugates of the enzyme or for 
inactivation of the enzyme in the residual first component 
with whole antibody or antibody fragment or equivalent 
component after the first component has localised at tumour 
sites. 

The present invention is concerned with reducing prob- 
lems arising in the clinical use of our above-mentioned 
two-component system from the presence in the patient of 
non-localised first component and permits further extension 
to be made to the nature of the first component 

The present invention provides a three-component 
system, for use in association with one another, in the 
treatment of malignant diseases comprising: a first compo- 
nent which is a substance or conjugation of substances 
characterised by (a) one or more molecular configurations 
that are complementary to molecular configurations associ- 
ated with malignant cells, such that the first component tends 
to localise selectively at sites of malignant cells and (b) 
additionally by one or more catalytic sites; a second com- 
ponent which is able to bind to such part of the first 
component so as to inactivate the catalytic site of the first 
component and/or accelerates the clearance of the first 
component from the blood when the first and second com- 
ponents are administered clinically; a third component 
which is a substrate for the catalytic site on the first 
component, one of the end products of the catalysis being a 
substance which is more cytotoxic to maligant cells than the 
third component. 
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The clinically most useful form of the first component is 
a conjugate of an antibody or fragment thereof and an 
enzyme while the clinically most useful form of the third 
component is a prodrug convertible under the influence of 
the enzyme activity of the first component into a cytotoxic 
compound The antibody will desirably be one recognising 
and binding preferentially to a tumour associated antigen 
and it will be apparent to those skilled in the art how to 
match the antigen associated with the particular tumour to be 

10 treated with the antibody or fragment to be used in the first 
component, how to match the cytotoxic compound to the 
tumour to be treated and how to match the prodrug to the . 
enzyme activity of the first component. 

As described in our above-mentioned copending Inter- 

15 national Patent Application PCI7GB88/00181 the prodrug 
can be benzoic add mustard glutamide that converts to 
benzoic add mustard |p-(bis-2-<Mon>emyl)amino]benzoic 
add under the influence of a carboxypeptidase. However, 
the principles of this invention are equally applicable to 

20 other prodrugs releasing benzoic acid mustard or analogues 
thereof or other cytotoxic drugs using enzymes appropriate 
to the removal from the prodrug of the structural feature 
distinguishing the prodrug from the cytotoxic drug. 

When antibody is used in the first component, it can be 

25 whole antibody or one of the antibody fragments, eg. FCab^ 
or other fragment as described in our above-mentioned 
earlier filed International Patent Application. The function of 
the antibody in the first component is to assist in the 
localisation of the first component in the region of the 

30 tumour to be treated and this function can also be fulfilled by 
substances other than antibodies, e.g. hormones or growth 
factors that have affinity to other tumour-associated com- 
pounds. 

In one embodiment of the system of the invention the 
35 first component is a conjugate of an antibody to a tumour- 
associated antigen or a fragment thereof that indudes the 
antigen binding site of the antibody, said antibody or frag- 
ment thereof being conjugated directly, or mdirectly through 
a linking component, to an enzyme or to an antibody or 
'.0 antibody fragment with catalytic functions. In this case the 
conjugation can be effected by chemical bonding or by 
splidng together nucleic acid sequences that code at least for 
one or more antigen binding sites and one or more catalytic 
sites and such other sequences as are necessary to retain the 
45 vector function of the molecule and the catalytic function of 
the peptide when the gene product of the reconstructed 
nucleic add sequence is expressed by eukaryottc or prokary- 
otic cdls. 

In a further embodiment, the antibody in the first com- 

50 ponent is bivalent and formed by bonding together two 
univalent antibody fragments, or by recombinant DNA 
techniques, one fragment having affinity for a tumour 
marker substance, the other having affinity for an enzyme. In 
such a case the conjugate can be formed either in vitro prior 

55 to administration or in vivo by first administering the 
bivalent antibody, allowing time for it to localise at tumour 
sites and then administering the enzyme for capture by the 
second arm of the antibody localised at tumour sites. 
The antibody of the first component may be a human 

60 immunogjlobulin, or fragment thereof, having antigen bind- 
ing sftc(s) of human origin or having antigen binding site(s) 
of non-human spedes. 

Reichmann L, Clark M, Waldmann H, and Winter G 
(Reshaping human antibodies for therapy — Nature 332: 

65 323-327, 1988) shows that by genetic engineering tech- 
niques the antigen binding sites of a rodent monodonal can 
be incorporated into human immunoglobulin fragments so 
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that the immunogenicity of the molecule in the human does not, to any appreciable extent, enter the extravascular 
subject is minimized. It has been shown that space of the tumour where it could inactivate tumour loca- 

immu noglobulin-gene DNA can be manipulated so that the Used enzyme. In this case, galactose residues in the second 

Fc portion of the antibody has been replaced with an active component are either chemically added or exposed by 
enzyme moiety (Neuberger M S, Williams G T, Fox R 5 removing terminal sialic acid residues. 

O — Nature 312: 604-608, 1984) and such genetically engi- Terminal sialic residues play a role in maintaining the 

neered constructs bearing one or more antigen binding sites presence of glycoproteins in the blood. Removal of terminal 

and one or more enzyme active sites can be used in the sialic acid by neuraminidase exposes proximal sugar resi- 

prcscnt invention. dues such as galactose. Desialylated proteins are rapidly 

It has been observed that when monoclonal antibodies to removed from the blood by receptors in liver and possibly 

derived from one species are injected into another species other sites. (Morell et al, J .Biol. Chem. 246: 1461-1467, 

the host antibody response may be (at least partially) 1971). 

directed at the idiotype of the injected monoclonal (Rowe et Asialo human chorionic gonadotrophin was prepared by 

al, IRCS Med Sci. 13: 936-7, 1985). Similarly, it is well- digesting 1 mg of a glycoprotein in 1 ml of 0.05M sodium 

known that bacterial products, including enzymes, are is acetate buffer, pH 5.6, containing 0.15 M NaCl with 20 ug 

immunogenic in mammalian species including man. of neuraminidase (Sigma Type II from Vibro cholerae) at 

The present system will be most effective in man and 37° for 30 minutes. The neuraminidase was then removed, 

suitable for repetitive use when the immunogenicity of a first Sialo and Asialo preparations were compared for clearance 
component antibody-enzyme conjugate is minimised or if in A2G mice. T Vt for the sialyted hCG was in excess of 24 

immune tolerance to such conjugates has been induced. This 20 hours but T Vi for the desialyted form was <5 min. 

is likely to be achieved through genetic engineering methods A further embodiment of the invention is one wherein the 

since the production of monoclonals to specific antigens by first component is an antibody enzyme conjugate modified 

human hybridomas has so far proved difficult to achieve by addition of, or exposure of, additional galactose or other 

consistently. It has been shown mat the antigen binding site sugar residues, and is for administration in conjunction with 

of a rodent monoclonal antibody can be incorporated into a 25 an agent, such as asialofetuin, which has greater affinity for 

human immunoglobulin framework (Reichmann et al, the corresponding sugar receptors which are involved in 

Mature 332: 323-327, 1988). removing galactosylated or similar proteins from the blood, 

It has also been shown that antibodies can be produced the asialofetuin blockade being maintained until satisfactory 

which function as enzymes (Pollack S J et al, Science 234, levels of conjugate have been attained in the tumour, then 

1570-1573, 1986) so the ultimate form of the antibody- 30 allowing the concentration of the conjugate in the plasma to 

enzyme conjugate may be a human immunoglobulin con- fall before administering the third component 

struct expressing one or more antigen binding sites charac- This embodiment requires the addition of galactose resi- 

terLsed by peptide sequences of non-human origin and one or dues to the antibody-enzyme conjugate by methods similar 

more catalytic sites. to those described for galactosylating the clearing antibody. 

With a 'humanised' antibody conjugated to a human 35 Before administering the galactosylated conjugate the galac- 

enzyme or a non-human enzyme which has been rendered tose receptors are blocked by an agent which binds more 

non-immunogenic in man, or a construct with both antigen avidly to those receptors than the galactosylated conjugate, 

binding and catalytic sites on a human immunoglobulin, the This results in maintenance of a high level of conjugate in 

second component of our system will need to be directed at the plasma until galactose receptors are again free to take up 

either the active site of the enzyme or at the idiotype of the 40 the conjugate. 

antibody since a clearing antibody against the generality of Asialofetuin is a substance known to bind strongly to 

human immunoglobulins would be unsuitable. galactose receptors but other less irnrnunogenic substances 

We have developed several different methods of remov- could be identified or developed for the same purpose, 

ing what becomes the unwanted circulating first component A further embodiment of the invention is one wherein the 

after maximum localisation of the first component has 45 second component is conjugated to a macromolecule such as 

occurred in the region of the tumour to be treated. The exact a dextran, liposome, albumin microsphere or rnacroglobulin 

nature of the second component will depend upon the with a molecular weight in excess of 500,000 Daltons or a 

particular strategy to be used for removal of non-localised biodegradable particle such as a blood group 0 erythrocyte 

first component but the second component will always be so that the second component is restrained from leaving the 

one that either inactivates the catalytic site in the first 50 vascular compartment by virtue of the size of the conjugate, 

component and/or accelerates its clearance from the blood. A further embodiment of the invention is one wherein the 

According to one embodiment the second component is second component is an antigen, hapten or protein construct 

an antibody or fragment thereof having an affinity for an bearing an epitope capable of binding with the first coropo- 

antigen binding site of an antibody of the first component or nent to form complexes having accelerated clearance from 

the active site of an enzyme of the first component or another 55 plasma. 

constituent part of the first component In a still futher modification of the system, the first 

According to a further embodiment the second compo- component is covalentiy linked to biotin or derivatives of 

nent is one causing rapid loss of enzyme activity of the first biotin, and the second component then comprises the biotin- 
component in plasma without incurring significant loss of binding glycoprotein avidin found in egg white, or 

enzyme activity from tumour sites. 60 streptavidin, itself optionally covalentiy linked to galactose. 

According to a further embodiment the second compo- Biotin may be conjugated to antibody or fragment 

nent includes a sufficient number of covalentiy bound galac- thereof by reaction with a 10 molar excess of sulphosuccin- 

tose residues or residues of other sugars such as lactose or imidyl 6-(biotinamido)hexanoate at pH 8.5 at 4° C. for 16 

mannose, so that it can bind enzyme in plasma but be hours, llie product is purified by chromatography onSepha- 

removed together with the enzyme or antibody-enzyme 65 dex G-25. 

conjugate from plasma by receptors for galactose or other In all these cases, except for the procedure involving 

sugars in the liver in a period of time such that the antibody asialofetuin, the second component may be conjugated with 
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a macromolecule or biologically degradable particle such Wada, R, Kishimoto t S. Int Arch. Allergy appL Immunol, 

that the additional component does not, to any appreciable 76: 324-330, 1985. 

extent, escape from the vascular compartment The macro- To minimise clinical problems arising from the use of 

molecule may be optionally galactosylated. immunogenic antibody enzyme conjugates and immuno- 

Macromolecules to limit clearing component escaping 5 genie antibodies or avidin-Jike constructs, it is desirable to 

from the vascular compartment are likely to be in excess of mhimise or delay the production of host antibodies to 

500,000 Daltons and include carbohydrates such as xenospecific proteins by using immunosuppressive agents 

dextrans, lipids as in liposomes or proteins such as in such as cyclosporin, cyclophosphamide, methotrexate, aza- 

albumin microspheres or a rnacroglobulin. An example of a thioprine etc., in order to provide sufficient time for the 

biodegradable particle for this purpose is an erythrocyte of to delivery of repeated treatments. 

blood group 0. The ability of cyclosporin to prevent antimurine antibody 

As an alternative to basing the first component on an responses by rabbits and in patients has been demonstrated. 

antibody it may be based on a hormone or growth factor or See, for example, Ledermann, J A. Begcnt, R H J. 

substance other than an antibody and for which receptors Bagshawe, K. D. Br. J. Cancer, 58: 562-566, 1988, or 

capable of binding that substance exist on a tumour. 15 Ledermann, J A. Begent, R H J. Riggs, S J. Seade, F. Glaser, 

T\imours may express receptors for growth factor nor- M G, Green, A J. Dale, R G. Br. J. Cancer 58: 654-657, 

mones and other metabolites such that these can be used as 1988. 

target sites for selective delivery. The corresponding growth In certain clinical conditions, it can be advantageous for 
factor, hormone, metabolite or genetic construct might then the first component to be conjugated to a signal producing 
be used as the vector to carry an enzyme to tumour sites in 20 molecule such as a radioisotope suitable for scintigraphic 
a comparable fashion to antibody. There are literature imaging by gamma camera so as to confirm localisation of 
examples of radiolabeled hormones, growth factors and the first component at tumour sites, 
metabolites localising in tumours (Krenning et al, Lancet i Radiolabelling can be achieved with 125 I or 13 *I with 
242-244, 1989 (Somatostatin); Hattner et al, Am. J. Roent- standard methods either using chlcramine T (Greenwood F, 
genol. 143: 373-374, 1984) but in none of these were the 25 Hunter W, Glover J S, Biochem. J. 89: 114-123, 1963, 
vectors used to convey enzyme to tumour sites. Erakcr P J, Speck J C, Biochem. Biophys. Res. Comm. 80: 
The enzyme part of the first component can be of human 849-857, 1978), but other methods of iodinarion or radio- 
or non-human origin. The advantage of using an enzyme of labelling with other isotopes such as indium ox technetium 
human origin lies in avoiding or minimisin g the irnmuno- can also be used. Such radtolabelled conjugates are gener- 
genic effect of an enzyme of non-human origin. The disad- 30 ally used in clinical practice in amounts required for radio- 
vantage of an enzyme of human origin is the probability that immurwlocalisation by immunoscintigraphy and would gen- 
the presence of enzyme in human tissues will activate the erally form only a small part of the adrninistered conjugate, 
prodrug, thus releasing active drug at the non-tumour sites. Modem methods of analysis may be used in conjunction 
However, it may be possible to identify certain human with a radiolabeled fraction of the conjugate to determine 
enzymes which are so distributed that this activation would 35 the concentration of the conjugate at target sites and non- 
not cause a serious problem. Also, inactivation of such target sites and thus help determine the optimum time for 
enzymes in tissues might be achieved by using high affinity administration of the prodrug. (Riggs et al, Int. J. Cancer 
anti-enzyme antibody fragments which would be rapidly Supp. 2, 95-98, 1988, Dewhurst et al, (Abstract) Br. J. 
cleared from the plasma before giving the first component Cancer 1988). 

conjugate. Where the human enzyme is normally present in 40 The system of the present invention can include more 

the plasma, this would activate prodrug in the plasma which than one type of first component and/or more man one type 

would be highly disadvantageous and be liable to cause of second component and/or more than one type of third 

general toxic effects. Administration of an appropriately component Heterogeneity in expression of target antigens 

selected antibody or antibodies or fragments directed at the and receptors on cells in tumours may require the use of 

enzyme in the conjugate would however also have the effect 45 more than one vector to carry enzyme to tumour sites, 

of inactivating free, naturally recurring enzyme of the same Multiple vectors may permit greater or more economical 

type in the plasma. In the case of human phosphatases there delivery of enzyme to tumour sites. It may also be advan- 

are several different forms produced in different tissues but tagcous to use more than one type of prodrug to generate a 

there is little evidence of specificity for substrates. There is state equivalent to multidrug chemotherapy so as to reduce 

also evidence that antibodies directed at one isotype of 50 the risks of drug resistance and this in turn may require the 

alkaline phosphatase may bind to other isotypes. use in treatment of more than one type of enzyme. These 

The immunogenicity of an enzyme of non-human origin variations may in time require the use of more than one 

may be reduced by modification of its amino acid sequence. second component to achieve the required clearing of 

In order to render the antibody-enzyme conjugate less enzymes from plasma and other non-tumour sites, 

immunogenic, it can be modified by conjugation to poly- 55 The three components forming the system of the present 

ethylene glycol or other polymers, e.g. by reaction with the invention are designed to be used in association with one 

cyanuric chloride derivative of methoxypolyethylene-glycoi another in a method of treatment of the human or animal 

5000. The resulting material may be employed directly, or body by therapy. 

may be pre-injected to render the host tolerant to further It is specifically designed for use in a method for the 

injections of the native conjugate. Reaction with synthetic 60 treatment of malignant diseases including carcinomas, 

copolymers of D-giutamine acid and d-lysine or with tri- sarcomas, lymphomas and leukaemias which comprises 

peptidyl-modLfied organic polymers comprising alternate administering to a host in need of such treatment an effective 

D-glutamic acid and D-lysine on the exterior ends of the side amount of a system. 

chains can be predicted to depress the immunogenicity of In such a method, the first component is administered 

the conjugate. Sec, for example, Abuchowsky A., van Es T., 65 first, the second component is administered subsequent to 

PalezukN C, Davis FF — J. BioLChenL 252: (11), 3578-81, the first component after a time interval such that the first 

1977, or Kawamura K, Igarishji, T, Fujii T., Kamasaki J., component has selectively localised at the site of malignant 
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cells and the third component is administered subsequent to ECACC 93071411. The address of the European Collection 

the second component after a time interval such that the of Animal Cell Cultures is: ECACC, Public Health Labo- 

concentration of the first component in the blood has ratory Service, Center for Applied Microbiology and 

reduced from its peak value. Research, Porton Down, Salisbury, Witshire SP40JG, 

5 United Kingdom. An immunoscintigraph taken after 48 

BRIEF DESCRIPTION OF THE DRAWINGS hours confirms localisation of the conjugate at the tumour 

FIG. 1A and FIG IB show blood and tumour levels up to Slt *f; , . . , . . , „ . 

48 hours after injection of monoclonal SB43 (anti- Similar results were obtamed using the foUowtng conju- 

carboxypeptidase) . A, native form; B, galactosylated form. g ates - 

FIG. 1C and FIG. ID show the levels of active drug in 10 2 * ^ intact IgG-^iboxypeptidase 

various tissues in mice which have not received SB43-Gal 3. A5B7-F(ab*) 2 — nitroreductase 

10 clearing antibody with those that had. 4. SB 10 (antiHCG)-^ r (ab , ) 2 — carboxypeptidase 

FIG. 2A shows the result of adnimistering SB10 F(ab') 2 - 2 * METHODS OF CONJUGATION OF ANTIBODY TO 

CP (50 units CP) intravenously to 6 CC3 bearing nude mice, 15 ENZYME 

followed by the first of three injections of monomcsyl Conjugation of IgG or F(ab') 2 with carboxypeptidase was 

monochloro benzoic acid mustard prodrug 4-[(2- accomplished by mixing a maleimide derivative of the 

chloroemyl)mesylamino]benzoic acid glutamide. enzyme with a thiolated antibody. 

FIG. 2B shows aocel^ted cleaiancc of 20 ^ maternal 1)Thiolation with S -aoetylthioglycolic acidN- 

l *I-SB43 anticartoxypepddasc from the blood of A2G 20 hydtoxysucdntoidc ester(SATA) 

mice when 77 ug of the corresponding antigen, carboxypep- J J x ' 

tidase G2, was administered 1 hour later compared with IgG or F(ab*) 2 in 0.1 M sodium phosphate buffer, pH 7.6, 

controls which did not receive the antigen. (containing 372 mg of EDTA/iiter) at 1-2 mg/ml was treated 

The following Examples are given to illustrate various with a 15 molar excess of SATA (made up 20 mg/ml in 

aspects of the invention. 25 DMF) and left at about 20° C. for approximately 2 hours. 

The thiolated antibody was then passed down a column of 

EXAMPLE 1 Sephadex G-25 to remove excess SATA. The thiol was 

This is to illustrate the inactivation of an active enzyme d ^^^^f 1 °{ 3 j % W™*^ 

site b an antibod ^ * prepared by adding disodium hydrogen phosphate to 

* 30 an aqueous solution of hydroxylamine hydrochloride. 

A monoclonal antibody (SB43) was produced by conven- 
tional methods following immunisation of the lymphocyte 2) Thiolation with N-succimmidyl 3-(2- 
donor mouse with carboxypeptidase G 2 . Microtitre plates pyridyldithio)propionate (SPDP) 
were coated with three units per well of carboxypeptidase 

G 2 and incubated with supernatants from the hybridoma 35 IgG or F(ab , ) 2 in 0.2M sodium phosphate buffer, pH 8.6, 
culture, and it was found that 125 Iodine labelled rabbit at a concentration of 4 mg/ml was treated with a 15 molar 
anti-mouse antibody bound to the coated wells with a 50% excess of SPDP in ethanol and left at r.t for 1 hour. Excess 
binding titre at a dilution of me supernatant of 1:800 in SPDP was removed on a column of Sephadex G-25 equili- 
buffercd solution. Assay of enzyme activity was assessed brated in 0.1M sodium acetate buffer, pH 4.5. The pyridyld- 
after 24 hours incubation at 37° C in buffer containing a 40 isulphide group was then reduced for 30 minutes with 50 
1000-fold dilution of the antibody (hybridoma supernatant). pd/ml of 100 mM dithiothreitol and excess reducing agent 
Enzyme incubated with buffer alone for 24 hours retained removed by Sephadex G-25 gel filtration, 
most of its capacity to cleave methotrexate as shown by . . . „ , 
optical density measurements (54.1 carboxypeptidase units/ 3 > Denvatisation of carboxypeptidase 
ml initially falling to 40 units/ml activity after 24 hours). In 45 Carboxypeptidase in 0.1M sodium phosphate buffer, pH 
the wells containing the antibody (hybridoma supernatant) 7 6 (containing 372 mg EDTA/liter) at 2 mg/2.5 ml was 
the activity was reduced to 13.0 carboxypeptidase units/ml treated for 3 hours with a 15 molar excess of succinimidyi 
The antibody alone had no effect on the optical density of 4-<p-maleiinidophenyl)butyrate (SMPB) dissolved in THE 
methotrexate. These experiments show that the enzyme The excess SMPB was removed by gel filtration on Sepha- 
active site on the carboxypeptidase can be substantially 50 dex G-25. 
inactivated by an antibody raised against the enzyme. Mono- 
clonal antibodies to carboxypeptidase G 2f raised by the 4) Conjugation 
technique described above will only have a similar enzyme 

inhibiting property if they are directed at epitopes in or close Privatised enzyme was mixed with an equimolar 

to the active site of the enzyme. 55 of Elated antibody and the progress of the con- 
jugation monitored by gel filtration. When no further reac- 

EXAMPLE 2 tion was judged to take place the mixture was concentrated 

r . and the conjugate purified by gel filtration. Typical enzyme 

Evidence for localisation of antibody-enzyme conjugate at activides obtained were 15O _ 2 00 units/mg of conjugate, 
tumour sites 

1. 4 nude mice bearing LS174T human colon cancer 60 EXAMPLE 3 
xenografts on their L flanks were injected with A5B7 (Fab*^ 

monoclonal antibody directed at carcinoembryonic antigen Evidence that SB43 binds to carboxypeptidase G2 in vitro, 

conjugated to carboxypeptidase G2 and labelled with 125 L Microtitre wells were coated with carboxypeptidase G2 

The hybridoma which produces monoclonal antibody A5B7 and monoclonal antibodies SB43 (raised to carboxypepti- 
has been deposited on Jul 14, 1993 pursuant to the Budapest 65 dase G2) and SB 10 (raised to human chorionic 

Treaty with the European Collection of Animal Cell Oiltures gonadotroph^) were added in dilution and incubated before 

(ECACC) and has been given the accession number: aspiration. 125 I anti-mouse IgG was then added and incu- 
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bated for 30 minutes followed by aspiration and washing. 
The wells were cut out and counted in a gamma counter. The 
results set out below show no significant binding of SB 10 to 
the carboxypeptidase coated wells but all dilutions of SB43 
used showed high counts indicating binding to the carbox- 
ypeptidase. SB43 modified by addition of galactose moieties 
was included a similar dilution and showed similar binding 
to unmodified SB43. 

The microtitre plate was coated with 0.1 microg. CPG 2 
per well and incubated overnight with SB43. The 12 ^-mousc 
IgG was then introduced, the plate incubated for 1 hour, 
washed and radio-counted. 



EXAMPLE 4 

Evidence that SB43 inactivates/clears Ab-E-conjugate in 
vivo from plasma 

The level of carboxypeptidase G2 activity in plasma can 
be monitored by observing the hydrolytic cleavage of 
methotrexate, a folic acid analogue, to pteroates and 
L-glutamate. When a conjugate of A5B7-F(ab') 2 - 
carboxypeptidase G2 (25 enzyme units) was injected intra- 
venously and plasma samples obtained 20 hours later sig- 
nificant hydrolysis of methotrexate was observed equivalent 
to 1.12 to 1.45 enzyme units/ml as shown by the steps of the 
spectrophotomctric print-out. 

Mice which were injected with galactosylated anti- 
carboxypeptidase (SB43-Gal 10) 19 hours after A5B7F(ab r ) 
2 -CFG2 and plasma taken 5 minutes and 15 minutes later 
caused no significant hydrolysis of methotrexate showing 
that the enzyme had been inactivated and/or cleared from the 
plasma. 

EXAMPLE 5 
Biotinylation of antibody-enzyme conjugate 

Carboxypeptidase G2 (44.4 mg) in 0.05 M sodium bicar- 
bonate buffer, pH 8.5 (1.5 ml) was mixed with sulphosuc- 
dnimidyl l-6-(biotinamide) hexanoate (292 ug in 73 ul of 
buffer and left at room temperature for 3 hours. The enzyme 
was then separated on Sephadex G-25 equilibrated in 0.15M 
sodium phosphate buffer pH 7.6, containing 372 mg EDTA/ 
liter and the volume adjusted to 2.5 mL The biotinylated 
enzyme was then treated for 3 hours with a 15 molar excess 
of succinimidyl 4-(p-maleimido phenyl)butyrate (SMPB) 
dissolved in tetiahydiofuran and the excess SMPB removed 
by gel filtration on Sephadex G25. The derivatised enzyme 
was then conjugated to thiolated F(ab*) 2 fragment of the 
A5B7 antibody as described in Example 2. 

Affinity purified avidin was used as obtained from Sigma 
Ltd., 10-15 units/mg protein. Mice received 20 ug of 
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TIME 
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CPM(1) 


%cv 




15 
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30 


1092 


2171.4 
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(Negative 
Control- 

SBlO-Anti-bCG) 




2 


30 


80S 


1588.6 


3.6 


(NegttiTe 
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20 












SBlO-Anti-bCG) 


3 


30 


16428 


332780 
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SB43 x20 




4 


30 


23339 


47302.9 


.7 


SB43X20 




5 


30 


22020 


446793 


.7 


SB43 x 100 




6 


30 


22096 


44833.8 


.7 


SB43 x 100 




7 


30 


8437 


16873.4 


1.1 


SB43 X 1000 


25 


8 


30 


7671 


15336.8 


1.1 


SB43X100O 


9 


30 


15411 


31052.2 


» 


SB43-Gal- 
10x20 




10 


30 


15418 


310663 




SB43-Gal- 
10x20 





biotinylated A5B7-carboxypeptidase G2 conjugate followed 
after one hour by avidin in the dose range 20-500 ug. Rapid 
clearance of the enzyme activity in plasma was observed 
comparable to that observed with SB43 monoclonal anti- 
body in Example 4. 

EXAMPLE 6 

IgG class immunoglobulins carrying different specificities 
on their two binding sites can be made by a fusion technique 
employing hybridomas producing different antibodies 
(Milstein C & Cuello A C Nature 305: 537-540, 1983; 
Sfaerz U D & Bevan M J. Proc. Nat Acad. Set USA 83: 
1453-1457, 1986) or by chemical conjugation of univalent 
preparations of each of the antibodies required as used here, 
F(ab72 fragments of monodonals SB 10 (anti-human chori- 
onic gonadotropin (anti-hCG)) and A5B7 (anti- 
carcinocmbryonic antigen, (anti-CEA)) were reduced in the 
presence of arsenite. F(ab v ) 2 fragment (20 mg) in 0.1M 
sodium phosphate buffer pH 7.6 (10 ml) was mixed with 
sodium arsenite (12.4 mg) EDTA (3.72 mg) and 2-mercapto- 
cthylamine (1.13 mg) and left at room temperature. Solid 
5,5-dithio-bis-<2-nitrobenzoic acid) (19.8 mg) was added 
and the mixture left at about 20° C. for 18 hours. The 
thionitrobenzoate modified Fab* (TNB derivative) was puri- 
fied by gel filtration on Sephadex G-25 with a yield of 
approximately 70% based on protein recovery. 

The TNB derivative of aoti-CEA (4 . 8 mg) in 5 ml of 0. 1M 
sodium phosphate buffer, pH 6.8, containing 1 mM EDTA 



a final concentration of 10 mM. The reduced TNB-anti-CEA 
Fab* was then purified by gel filtration on Sephadex G-25 
equilibrated in 0.1M sodium phosphate buffer pH 7.0, con- 
taining 1 mM EDTA. The reduced TNB-anti-CEA Fab* was 

35 then, incubated with 4.9 mg (5 ml) of TNB derivative of 
anti-hCG for 16 hours and the formation of bispecific 
antibody monitored by gel filtration on a Superose S-12 
column (Pharmacia). The yield was 20% based on protein 
after purification of the bispecific antibody on the Superose 

40 S-12 column. The ability of this 125 I labelled biospecific 
antibody to function in vivo and bind to its corresponding 
antigen was demonstrated by injection into nude mice 
bearing either CEA producing LS174T tumours or hCG 
producing CC3 tumours. At 20 hours post-injection mean 

45 tumour to organ ratios were: 



50 



wH CEA/anti hCG 



noa-spocifk F{ab*)i 



bbod 


25 
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3.2 


1.2 
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3D 


colon 


9 


53 



55 (Conjugation of A5B7 and SB43 (anticarboxypeptidase) has 
not yet been performed but above experiment demonstrates 
retention of binding site function). 



60 



EXAMPLE 7 



Method for qalactosylation 

Cyanomethyl 2,3 ,4,6-tetra-0-acetyl-14hio-r>-D) galacto- 
pyranoside (400 mg) in anhydrous methanol (10 ml) was 
treated with 5.4 mg of sodium methoxide in 1 ml of 
65 anhydrous methanol at about 20° C for 4$ hours. A stock 
solution of IgG in 0.25M sodium borate buffer, pH 8.5 at 13 
mg/ml was prepared. Since the number of galactose residues 
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conjugated to IgG was not determined, a unitage was FIG. 2A shows the result of administering SB 10 F(ab') 2 - 
adopted corresponding to the number of microliters of the CP (50 units CP) intravenously to 6 CC3 bearing nude mice, 
activated galactose derivative added to 200 ug of IgG at a followed by the first of three injections (10 mg each) of the 
concentration of 13 mg/mL monomesyl monochloro benzoic acid mustard prodrug 4-[ 

Aliquots of the activated galactose derivative (e.g. 300, 5 (2-cWoroemyl)ir«sylamino]ben2oic acid glutamide, the sec- 
80, 40, 10, 5 and 2 ul) were dispensed into 3 ml glass ond given at 56 hours and the third at 72 hours. After 2 
ampoules and evaporated to a glassy residue in a stream of weeks the tumour was no longer detectable and the mice 
nitrogen under vacuum. 200 micrograms of IgG (153 ul of remain tumour free at 12 weeks. The growth of CC3 tumours 
stock solution) were added to each aliquot and mixed until m 6 untreated mice is also shown, 
the residue was dissolved After 2 hours at about 20° C. the 10 Attempts to introduce the prodrug into LS174T bearing 
solution was dialysed against 3 changes of PBS (phosphate mice before 120 hours after administration of A5B7 F(ab') 
buffer saline). Tests were performed to determine what level 2 -CP 50 units resulted in death of the animals and this was 
of galactosylation gave the most effective results. It was shown to be due to persisting enzyme activity in the blood 
found that, in terms of the unitage defined above, 10 ul of the FIG. 2B shows accelerated clearance of 20 ug monoclonal 
activated glactose derivative added to 200 ug of IgG gave 15 12S I-SB43 anticarboxypeptidase from the blood of A2G 
the most satisfactory results. FIG. 1A and FIG. IB shows mice when 77 ug of the corresponding antigen, carboxypep- 
blood and tumour levels up to 48 hours after injection of tidase G2, was adrninistered 1 hour later compared with 
monoclonal SB43 (anti-carboxypeptidase). A, native form; controls which did not receive the antigen. 
B, galactosylated form. Further studies were performed, These data indicate that accelerated clearance of an 
each in groups of 4 mice, bearing LS174T tumours and 20 adrninistered antibody can be achieved by administration of 
receiving A5B7 F(ab')2-CP (carboxypeptidase G2) conju- a substance expressing the epitope corresponding to the 
gate followed after 24 hours by SB43 (anti- binding site of the antibody, 
carboxypeptidase) galactosylated to the 10 ul level (as 

defined previously) or with saline as control followed one EXAMPLE 9 

hour later by the bis-chloro benzoic acid mustard prodrug, 25 Conjugation of TCK9 human albumin microspheres to SB43 
4-[bis^2-crdccoethyl)aniino] -benzoic acid glutamide. Mice 1 mg of TCK9 human polyalbumin microspheres were 
were killed at intervals following administration of the Privatised with a 12.5M excess of sulpho-MBS (based on 
prodrug, the tissues extracted and prodrug and active drug monomelic unit of 66 Ed) in a total of 1 ml phosphate buffer 
levels were measured by HPLC methods. pH 7t g f or % hours at about 20° C. The mixture was 

FIG. 1C shows the levels of active drug in various tissues 30 centrifuged at 3000 rpm for 3 minutes and resuspended in 1 
in mice which had not received SB43-Gal 10 clearing ml of buffer, and rewashed once more. 1.5 mg of 125 I 
antibody with those that had In the absence of SB43-Gal 10 labelled SB43 was thiolated by 20M excess of SPDP, 
clearing antibody, levels of active drug were significantly according to manufacturers (Pharmacia) instructions, at 
lower than those found in liver and lung but in animals about 20° C. The derivatised microspheres were centrifuged 
receiving the SB43-Gal 10 clearing antibody tumour levels 3 at 3000 rpm for 3 minutes, and then resuspended in the 
were higher than in any other tissue. thiolated SB43 solution, the conjugation was carried out by 

As part of the same experiment two groups of mice, one incubating the mixture at 4° C. for 72 hours, 
with and one without SB43-Gal 10, were killed without The antibody polyalbumin conjugate was separated from 
receiving the prodrug. The tissues were extracted and tested ^ the reaction mixture by centrifuging at 13000 rpm (MSE 
for ability to convert prodrug to active drug in vitro, The Micro centaur) for 2 minutes; the pellet was resuspended in 
results are showr. in the Table and expressed as percentage 250 ul of sterile saline for use. 
of injected dose of caxboxypeptidase per gram of tissue. EXAMPLE 10 

Asialofetuin was given intravenously at time zero and 
45 again at 120 minutes to mice bearing LS174T xenografts. 
1 %-A5B7-galactosyiated to 10 units was administered at 
time +5 minutes. Mice were killed at intervals and tissues 
excised and radioactivity levels counted At 24 hours the 
tumour to blood ratio was 27.8:1 and the tumour to liver 
ratio 4.2:1. All other tissues showed even more favourable 
ratios. It should be recognised that whereas enzyme taken up 
by liver is rapidly inactivated, radioactivity persists in the 
organ. 
We claim: 

55 1. A method of treatment of tumors to which antibody 
A5B7 binds, said method comprising administering to a host 
EXAMPLE 8 in need of such treatment a system which comprises: 

Where tho antieen corresponding to an intravenously i) a conjugate comprising 
administered a*?lody is present in the blood, antigen- a) antibody A5B7 ; linked to 

antibody complexes form and these accelerate clearance of 60 b) an enzyme selected from the group consisting of 
the antibody from the circulation into the reticuloendothelial carboxypeptidase G2 (CPG2) and nitroreductase; 

cells. Accelerated clearance of anti-hCG antibodies W14 and, 

and SB 10 occurs when these are injected into nude mice ii) a prodrug convertible under the influence of the 
bearing CC3 hCG secreting tumours when compared with conjugate into a cytotoxic drug. 

A5B7 anti-CEA antibody in LS174T bearing mice which 65 2. A method of treatment of tumors to which antibody 
express CEA on LS 174T cell membranes but do not secrete A5B7 binds , said method comprising administering to a host 
CEA into the blood. in need of such treatment a system which comprises: 





Carboxypeptidase G29fe i.v. 
dose per gram of tissue 
at 48 hours 


In rivo admin 


Tumour Plasma 


T/P 


Ab-CPG2 


8.1(40.69) 0.22 
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i) a conjugate of A5B7 antibody and carboxypeptidase G2 9. The method according to claim 1 wherein the antibody 
enzyme; and, is humanized. 

ii) a prodrug convertible under the influence of the 10. The method according to claim 2 wherein the antibody 
conjugate into a cytotoxic drug. lacks an Fc portion. 

3. A method of treatment of tumors to which antibody 5 11. The method according to claim 2 wherein the antibody 
A5B7 binds, said method comprising administering to a host is a F (ab')2 structure. 

in need of such treatment a system which comprises: 12. The method according to claim 2 wherein the antibody 

i) a conjugate comprising is linked to the enzyme via a continuous polypeptide link- 

a) antibody A5B7 ; linked to age. 

b) an enzyme selected from the group consisting of 10 13. The method according to claim 2 wherein the antibody 
carboxypeptidase G2 (CPG2) and nitroreductase; is humanized. 

and, 14. The method according to claim 3 wherein the antibody 

ii) a mustard prodrug convertible under the influence of * acks 811 ^ c portion. 

the conjugate into a cytotoxic drug. 15. The method according to claim 3 wherein the antibody 

4. A method of treatment of tumors to which antibody 15 is a F(ab')2 structure. 
A5B7bmds,saidmewodcora^^ 16. The method according to claim 3 wherein the antibody 
in need of such treatment a system which comprises: is linked to the enzyme via a continuous polypeptide iink- 

i) a conjugate of A5B7 antibody and carboxypeptidase G2 ^ ^ J . , . , L . iL Art 
enzyme* and, 17. The method according to claim 3 wherein the antibody 

20 is humanized. 

ii) a mustard prodrug convertible under the influence of „ ^ metho<1 to claim 4 wherein the antibody 
the conjugate into a cytotoxic drog : lacks an Ft portion. 

^ A n^hod of tteatment of tumors to which antibody 19. TTic method according to claim 4 wherein the antibody 

A5B7 binds, said method comprising administering to a host ^ a p( a t,')2 structure 

in need of such treatment a system which commises: 25 2# t^c method according to claim 4 wherein the antibody 

i) a humanized A5B7 antibody linked to a member of the is linked to the enzyme via a continuous polypeptide link- 
group consisting of a human enzyme, a non-human age. 

enzyme rendered non-immunogenic in man and a 2L The method according to claim 4 wherein the antibody 

humanized catalytic antibody; and, is humanized. 

ii) a prodrug convertible under the influence of (i) into a 30 22. The method according to claim 5 wherein the antibody 
cytotoxic drag. lacks an Fc portion. 

6. The method according to claim 1 wherein the antibody 23. The method according to claim 5 wherein the antibody 
lacks an Fc portion. is a F(ab')2 structure. 

7. The method according to claim 1 wherein the antibody 24. The method according to claim 5 wherein the antibody 
is a F (ab*)2 structure. 35 is linked to the member via a continuous polypeptide 

8. Hie method according to claim 1 wherein the antibody linkage, 
is linked to the enzyme via a continuous polypeptide 

linkage. ***** 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intcmatioaal Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

C07K 15/28, G01N 33/563 
H61K 39/395, C12P 21/08 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 91/03493 

21 March 1991 (21.03.91) 



(21) International Application Number: PCT/GB90/01335 

(22) International Filing Date : 29 August 1990 (29.08.90) 



(30) Priority data: 
8919485.6 
9001949.8 



29 August 1989 (29.08.89) GB 
29 January 1990 (29.01.90) GB 



(71) Applicant (for all designated States except US): THE UNI- 

VERSITY OF SOUTHAMPTON [GB/GB]; Highfield, 
Southampton S09 5NH (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only) : GLENNIE, Martin, John 
IGB/GB]; The Tenovus Research Laboratory, Sou- 
thampton General Hospital, Tremona Road, Southamp- 
ton S09 4XY (GB). u, p- 



(74) Agents: WOODS, Geoffrey, Corlett et al.; J.A. Kemp & 
Co, 14 South Square, Grays Inn, London WC1R 5EU 
(GB). 



(81) Designated States: AT, AT (European patent), AU, BB, BE 
(European patent), BF (OAPI patent), BG, BJ (OAPI 
patent), BR, CA, CF (OAPI patent), CG (OAPI patent), 
CH, CH (European patent), CM (OAPI patent), DE*, 
DE (European patent)*, DK, DK (European patent), 
ES, ES (European patent), FI, FR (European patent), 
GA (OAPI patent), GB, GB (European patent), HU, IT 
(European patent), JP, KP, KR, LK, LU, LU (European 
patent), MC, MG, ML (OAPI patent), MR (OAPI pa- 
tent), MW, NL, NL (European patent), NO, RO, SD, 
SE, SE (European patent), SN (OAPI patent), SU, TD 
(OAPI patent), TG (OAPI patent), US. 



Published 

With international search report. 



(54) Tide: BI-OR TRISPECIFIC (FAB) 3 OR (FAB) 4 CONJUGATES 



(57) Abstract 

Novel trimeric and tetrameric antibodies are 
disclosed, including bispedfic and trispecific F(ab) 3 
and F(ab) 4 antibodies. A simple and efficient meth- 
od is described for the production of pure F(ab'y)3 
antibodies, in which the individual antibody Fab' 
fragments are joined via stable thioether linkages. 
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were first coupled via their hinge-region SH groups 
using o-phenylcnedimaleimide (oPDM), this bispe- 
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Bi-or trispecific (Fab> 3 or (Fab)^ conjugates 

Antibodies which are bispecif ic with respect to the antigen they 
recognize have been used successfully in a number of applications. 
In irmunochemistry they have been used to cross-link cellular 
antigen and detecting agent such as ferritin or horseradish 
peroxidase, doing away with the antibody conjugates used in rore 
conventional methods. Similarly they have been used as 
heterobifunctional protein cross-linkers for the iimobilization of 
enzymes in a number of assays. Perhaps their greatest potential 
lies in their therapeutic use for the targeting of unwanted cells or 
pathogens by cytotoxic effectoir cells or pharmacologic agents such 
as drugs or toxins. 

It has been demonstrated that bispecif ic F(ab»ff) 2 antibodies, in 
which one Fab'tf arm is directed at a lyirphcma cell and the other 
binds to a ribosone-inactivating protein, such as ricin A chain or 
saporin, can target a toxic agent to tunour cells both in vitro and 
iii vivo and prevent further growth. For targeting effector 
T cells and polymorphonuclear leukocytes, bispecif ic antibodies have 
usually have been employed which cross-link the T cell receptor 
conplex or the Fc receptor, respectively, onto the target cell and 
thereby mediate high levels of specific lysis. By using the 
appropriate derivatives in this way, it has been possible to show 
that both normal circulating T cells and single clones of cytotoxic 
T lynphocytes can be "armed" to destroy alitost any specified target 
cell, and that lysis is independent of the major histoccnpatibility 
oonplex status of the cells involved. Furthermore, the hispecific 
antibodies do not sinply serve to "glue" the two cell papulations 
together, but in linking the effector and target cell actually 
trigger the lytic process. 

In addition to therapeutic \ases, bispecific antibodies have alsp 
been useful as tools for understanding sane of the molecular 
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interactions which occur when resting T cells are activated for 
cytotoxicity and proliferation. At this point the relationship 
between activation of effectors for lysis and the activation for 
proliferation is not clear. As a general rule effectors, such as 
T cells, are not cytotoxic when resting but become cytotoxic when 
profilterating. However, certain effector populations can be 
activated to become cytotoxic without being driven into 
proliferation. While monoclonal antibodies directed at the antigen 
receptor complex (TCR-CD3) on T cells can, to a limited extent at 
least, mimic antigen in triggering activation for cytotoxicity and 
proliferation, it has been shown that bispecific antibodies with 
dual specificity for the TCR-CD3 and one of a group of accessory 
T cell molecules, such as CD2 CD4 or CD8, are more potent in this 
respect. 

According to a first aspect of the present invention there is 
provided a trimsric or tetramsric antibody, preferably bispecific 
or trispecific. By antibody is meant a moiety capable of binding to 
one or more specific sites on one or more specific antigens. 
Trimsric antibodies consist of three structurally similar arms, such 
as three Fab arms, linked together. Tetraneric antibodies consist 
of four such arms. 

Bispecific antibodies of the invention consist of two arms having a first 
antigen specificity, the third, and fourth if present, having a 
second antigen specificity. Trispecific antibodies of the invention 
consists of three arms having, respectively, first, second and third 
antigen specificities, if present, the fourth arm has the same 
antigen specificity as one of the first three arms. Preferred 
antibodies of the invention are F(ab) 3 or F(ab) 4 antibodies, such as 
a bispecific or trispecific F(ab' ) 3 or F(ab' } 4 antibody and 
particularly preferably a bispecific or trispecific F<ab'ft) 3 or 
• F(ab'tf ) 4 antibody. By Fab' antibody is meant an Fab antibody 
fragment which has been generated by pepsin cleavage of on antibody. 

Antibody specificity in antibodies according to the invention may, 
however, be provided by antibody fragments from any source, 
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including genetically engineered Fv fragments, which may 
have engineered on multiple residues suitable for forming 
links between fragments. Such fragments will form Fv 3 and 
Fv 4 antibodies. 

5 Antibodies of the invention may have specificities 

for any antigens against which antibodies can be raised or 
engineered. They find particular application in therapy, 
especially against tumour cells, but also have applications 
in assay techniques. 

10 Preferably, however, at least one arm of the 

antibody specific for a marker on a target, which may be a 
target cell such as tumour cell, and at least one arm is 
specific for a marker on an effector, which may be an 
effector cell such as a T cell, lymphocyte or macrophage, or 

15 it may be another cell toxin such as a ribosome-inactivating 
protein, for example saporin, ricin A chain or intact ricin, 
or another therapeutic agent to which antibodies can be 
raised or engineered, such as daunomycin or adriamycin. 
In the case of a trispecific antibody, the 

20 trispecif icity allows it to at once bind to an effector cell 
and to activate it. The third arm binds to the target cell. 
It is preferred that two anus of the trispecific antibody 
are specific to T cells, one of the CD3 molecule and the 
other to an accessory surface molecule such as the CD2, CD4 

25 or CD8. Alternatively, both arms may be specific for CD2. 
In that event, the two arms are specific for different 
epitopes on CD2 such as TII2 and TII3 or TII2 and TII3. 

Also in accordance with the first aspect of the 
invention there is provided a process for the preparation of 

30 a bispecific F(ab) 3 antibody comprising: 

(i) dissociating a first F(ab) 2 antibody fragment 
having a first specificity into its two component Fab arms; 

(ii) dissociating a second F(ab) 2 antibody fragment 
having a second specificity into its two component Fab arms; 
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(iii) linking the first Fab arm from step (i) to the second Fab 
arm from step (ii), the molar ratio of first Fab arm: a second Fab 
arm being 2:1, to construct a bispecific F(ab) 3 antibody. 

Also in accordance with the invention there is provided a process 
for the preparation of a trispecific F(ab) 3 antibody as described 
above comprising: 

(i) dissociating a first F(ab) 2 antibody fragment having a 
first specificity into its two component Fab arms; 

(ii) dissociating a second F(ab) 2 antibody fragment having a 
second specificity into its two component Fab arms; 

(iii) linking the first Fab arm froan step (i) to the Fab arm 
from step (ii) to construct a bispecific F(ab) 2 antibody; 

(iv) dissociating a third F(ab) 2 antibody fragment having a 
third specificity into its two ccnponent Fab arms; and 

(v) linking the bispecific F(ab) 2 antibody from step (iii) to 
the Fab ana from step (iv) to give specific F(ab) 3 . 

Preferably, the Fab fragments are generated by treating the 
antibodies providing the fragments with a proteolytic enzyme such as 
pepsin to give a monospecific F(ab) 2 fragnent. This is split by 
reaction with, for example, 2-^tercaptoethanol to give Fabgg 
fragments, in which the -S-S- links between the Fd chains of the 
F(ab) 2 fragments in the original antibody have been broken and 
reduced to -SH groups. In the preparation Fab specific antibody, 
Fabgjj fragments are prepared from two antibodies to give FahAgg and 
FabBgjj fragrrents. Die linkage of the Fab^ fragments is effected by 
treating FabAg^ fragients with o-phenylenediamine (oPEM) to give 
FabA^ fragments. These are combined with untreated FabB^ 
fragrrents, in a 2:1 weight ratio, under cross-linking co n ditions to 
give bispecific FahAfiB. The product was, reduced and alkylated with 
2QnM 2-mercaptoethanol and 25mM iodoacetamide respectively to remove 
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any minor products which my have formed by oxidation or disulphide 
exchange, before fractionating an Ultrogel AcA44 . In the 
preparation of trispecif ic antibody Fab^ fragments are prepared 
from three antibodies to give FabA^ FabB^ and FabCg^ fragments. 
The linkage of the Fabgjj fragments is effected by treating FahA^ 
fragments with oPEM to give FabA^ fragments. These are canibined 
with untreated FabB^ fragments under cross-linking conditions to 
give bispecific F(ab) 2 AB / as shown in Fig. 1. FabCgjj fragments are 
similarly treated with oPEM, to yield FabC^^ fragments, which are 
combined with the F(ab>2AB by msans of an -SH group on the F(ab)2AB 
to give trispecif ic F(ab) 3 ABC antibody (see Fig, 2). 

According to a second aspect of the invention there is provided a 
conjugate comprising an antibody according to the first aspect of 
the invention and an effector for which at least one of the arms of 
the antibody is specific. The invention also contemplates a process 
for the preparation of such a conjugate, in which the antibody is 
mixed with the effector. 

The invention further contemplates a pack comprising an 
antibody according to the first aspect of the invention and, 
separately, an effector for which at least one of the arms of the 
antibody is specific. 

The invention will be further described with reference to the 
example and to the figures, in which: 

Figure 1 shows the postulated reaction between tvro Fab fragments to 
produce a bispecific F(ab) 2 antitxxiy; 

Figure 2 shows the proposed structure of a trispecif ic antibody 
according to the invention; 

Figure 3 shows typical chraratography profiles obtained during the 
preparation of bispecific F(ab f X ) 3 and trispecific F(ab'/) 3 ; 
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Figures 4 (a) and (b) are graphs showing redirected cellular 
cytotoxicity of 51 Cr-labelled chicken red blood cells (CRBC) 
mediated by normal peripheral blood lymphocyte (PBL) and 
bispecific F(ab'^)2 antibody; 
5 Figure 5 is a graph showing redirected cellular cytotoxicity 
of 51 Cr-labelled CRBC by PBL and one or two bispecific 
F(ab , ^>2 antibodies; 

Figure 6 is a graph showing redirected cellular cytotoxicity 
of 51 Cr-labelled CRBC by bispecific F(ab'tf) 2 and F(ab'#) 3 
10 derivatives; 

Figure 7 shows the blocking of redirected cellular 
cytotoxicity mediated by bispecific F(ab , ^) 2 and Ffab^^ 
derivatives. 

Figure 8 is a graph showing redirected cellular cytotoxicity 
15 of 51 Cr-labelled CRBC by trispecific F(ab»$ 3 . 

Figures 9(a) and (b) are graphs showing the case of blocking 
of trispecific antibodies; 

Figure 10 is a graph showing proliferation (activation) 
responses of PBL to different Fab 1 ^ derivatives ; 
20 Figure 11 shows proliferation responses of PBL to different 
Fab ■ % derivatives in the presence and absence of target 
cells ; 

Figure 12 shows the redirected cellular cytotoxocity of 
human tumour cells (Namalwa) with trispecific antibody; and 
25 Figure 13 shows the redirected cellular cytotoxocity of 
human tumour cells with a trispecific antibody triggering 
through CD2. 
EXAMPLES 
Materials: 

30 All cell culture was performed in supplemented DMEM 

[Dulbecco's Minimum Essential Medium containing glutamine 
(200 mM) , pyruvate (100 mM) , penicillin and streptomycin 
(100 IU/ml) , fungizone (2 fig/nl) and 10% FCS (myoclone) 
(Giboco Ltd, Paisley, Scotland) ] , or 
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in supplemented RPMI [RPMI 1640 Medium containing the same 
supplements as the EMEM, but with the FCS replaced by 10% normal 
human serum which had been incubated at 56°C for 30 min to destroy 
any conplenent-mediated cytotoxic activity]. 

Antibodies : 

A mouse IgGl monoclonal antibody, E^C^^ reacting with chicken red 
blood cells (CRBC) was raised using conventional hybridaia 
technology. BALB/c mice were iimnunized in a protocol which 
delivered CRBC (approx 10 9 ) s.c. in CFA and IFA (Difco, Detroit, MI) 
on days 0 and 14 respectively, and i.p. in EMEM on day 24. Four 
days later splenic mononuclear cells were fused with the NS-1 
(P3/NS-l/l-Ag4.1) mouse myeloma line at a ratio of 2:1 by using a 
standard somatic fusion protocol with polyethylene glycol 4000 
(E.Merck, Darmstadt, Germany) . Hybridoma cells secreting anti-CRBC 
antibody were identified by iirmunof luorescence staining and flow 
cytometry as described previously and cloned by limiting dilution. 

Additional hybridoma cell lines producing the antibodies CKTI (CDS), 
OKT3 (CD3) and 0KT11 (CD2) were obtained from the American Type 
Culture Collection (ATCC, Rockville, Maryland) , and the hybridoma 
3G8 (CD16) was a gift from Dr. D. Segal, NIH, Bethesda, Maryland, 

All hybridoma cells were expanded as ascitic tumors in pristane- 
prined (BAIB/c x CBA) Fl mice, She 7S IgG fraction of monoclonal 
ascites was isolated as described by precipitation in 2 M annonium 
sulfate, followed by ion exchange dironatography on Trisaayl-M-DEAE 
(ITO-Produkter AB, Braima, Sweden). 

Antibody F(ab'tf ) 2 fragments from IgG were prepared by limited 
proteolysis with pepsin at pH 4.1-4.2 in 0.1 M sodium acetate. The 
reaction being monitored at regular intervals by rapid fractionation 
of 100 jiq sanples on a GF 250 HPLC column (Zorbac), and then, when 
less than 10% of the IgG remained, the digestion was stopped by 
adjusting the pH to 8.0 with saturated iris-base and the products 
fractionated on Ultrogel AcA44 (LKB) . 
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Exanple 1: Preparation of bispecific F(ab»tf ) 3 antibodies: 

F(ab ! S) 2 fron the two chosen mouse antibodies at 10 mg/ml in 0.2 M 
TriLs-HCI buffer, pH 8.0, rontmning 10 irM EDTk was reduced by 
addition of 20 nM 2-mercaptoethanol for 30 min at 30°C. At this 
point both reduced Fab'tf (Fab'^) sanples were chilled to 4°C, a 
tenperature which was maintained throughout the remainder of the 
preparation including the chromatography stages, before running 
through Sephadex G-25 equilibrated in a buffer of 50 nM sodium 
acetate, pH 5.3, containing 0.5 irM EDTA. A half volume of 12 nM 
o-phenylenedimaleiinide (oPEM) dissolved in chilled dimethylfonnainide 
was then added to one of the two Fab'tfgg sanples. After 30 min the 
maleimidated Fab'tf (Fab'fc^) was separated from other solutes in 
the reaction mixture by passage through Sephadex G-25 equilibrated 
in the 50 nM sodium acetate, pH 5.3, buffer containing 0.5 nM EDIA. 
It was then added iirmediately to the Feb' 6^ antibody corponent of 
the heterotrimer in a 2:1 molar ratio and concentrated to 
approximately 5 mg/ml by ultrafiltration under nitrogen using a 
Diaflo membrane in a chilled Amicon chamber. After incubation for 
18 hours, the pH of the reaction mixture was adjusted to 8 using 1 M 
Tris-HCl, pfi 8.0. , before reducing with 2-mercaptoethanol at a final 
concentration of 20 nM for 30 min at 30°C. Finally the bispecific 
F(ab'^) 3 was separated from other products and residual reactants by 
passage through Ultrogel AcA44 equilibrated in 0.2 M Tris-HCl. 10 nM 
EDTA, pH 8.0. 

Exanple 2: Prepartion of trispecific F(ab'£ ) 3 antibodies: 

Firstly, bispecific F(ab'1$ ) 2 antibodies were made by a similar 
method to that of Exanple 1, except that the Fab 1 fragments of 
Exanple 1 were mixed in a 1:1 molar ratio, to give bispecific 
F(ab«S ) 2 . 

Bispecific F<ab'tf) 2 was conjugated with a Fab'^^ from a third 
antibody, ihis latter reaction relies on having free -SH groups 
available in the bispecific F(ab' U) 2 derivative. The procedure and 



WO 91/03493 



PCT/GB90/01335 



- 9 - 

reaction conditions for linking the Fab'tf M ] to the F(ab , ^)2 SH were 
similar to those used Example 1: bispeclfic F(ab'5)2 and Fab 1 ^ 
fragments from the third antibody at 5 mg/ml in 0.2 M Tris-HCl 
buffer, pH 8.0, containing 10 nM EDTA were reduced by addition of 
20 mM 2-mercapoethanol for 30 min at 30°C. The sanples were chilled 
to 4°C and nan through Sephadex G-25 which had been equilibrated in 
a buffer of 50 mM sodium acetate, pH 5.3, containing 0,5 mM EDTA. 
The third Fab'tfgjj antibody species was then naleimidated using o-PEM 
as in the bispecif ic antibody preparation and finally the bispecif ic 
F(ab , 5) 2 s H and Fab'fiJ^ were mixed together at a weight ratio of 1:4 
for 18 hours at 4°C. Following chromatography on AcA.44, 150 kDa- 
sized material (i.e. F(ab f tf) 3 ) was harvested and concentrated. 

Trispecific F(ab'^) 4 was also generated during the trispecific 
F(ab'S) 3 preparation. It emerged from the AcA44 column at a 
position which corresponded to that of a protein with a molecular 
weight of approximately 200 kDa. fliis size is consistent with the 
joining of four Fab ■ if fragments during the reaction. Apparently, 
the bispecific F(ab'tf>2 has conjugated with two Fab'tfj^ fragments 
from the third antibody. 

The final products in the reaction mixtures were reduced and 
alkylated with 20 mM 2-roercaptoethanol and 25 nM iodoacetamide 
respectively to remove any minor products which may have formed by 
oxidation or disulphide exchange, before fractionating on Ultrogel 
AcA44. 



WO 91/03493 PCT/GB90/01335 

- 10 - 

By these jrethods, the following antibodies can be prepared; 
Bispecific F(ab>3 antibodies 

For targeting cytotoxic T cells to unwanted cells: 

CD2 x CD2 x target* 

CD3 x CD3 x target 

CDS x CDS x target 

CD3 x target x target 

Trispecific F(ab) 3 antibodies 

For targeting cytotoxic T cells to unwanted cells: 

CD2 x CD3 x target 

CD2 x CDS x target 

CD3 x CDS x target 

CD3 x LFA3 x target 

CD3 x CD4 x target 

CD3 x CD8 x target 

002(111!) x CD2 1 (TII3) x target 

* target ~ CRBC or a tumor specific antigen 
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For targeting cytotoxic agents to unwanted cells: 
toxin ** x Ig x CD19 
toxin x Ig x CD22 
toxin x Ig x OD37 

** toxin = ribosome inactivating proteins such as saporin 
or ricin 

The proposed structure of a trispecific F(ab'#) 3 antibody of the 
invention specific for antigens A, B and C is shown in Fig. 2. 
Although not shown, sane of the^f-L chain disulfide bonds will be 
reduced during the preparation. Such reduction is known not to 
compromise antigen binding activity in Fab fragments. Before the 
final product was alkylated with iodoacetamide, one hinge-region 
sulphydryl (-SH) group remained, offering the potential for linking 
at least one more Fabflf^ fragment yielding Ffab'tf^, as mentioned 
above. The groups joined to the cysteinyl sulfur are: Q is 
carbaxyamidarethyl 2, a blocking group; and R is 
o-pherylenedisuccimimidy 1 . 

Typical chromatography profiles obtained during the preparation of 
(a) bispecific F(ab' 15 ) 3 and (b) trispecific F(ab'2)3 derivatives 
are shown in Fig. 3 (a) and (b) respectively 

(a) A reaction mixture containing Fab' and Fab' ^ at a weight 
ratio of 2:1 was reduced and alkylated and then fractionated on 
Ultrogel AcA44 in 0.2 M Tris HC1, pH 8.0. The unreacted Fab' 
fragments and the bispecific F(ab , ^) 2 and Ffab'^ are Indicated. 

(b) A reaction mixture containing bispecific F(ab l 20 2 SH and 

Fab' at a weight ratio of 1:4 was reduced and alkylated and then 
fractionated as for (a). Fab'^, F(ab , 2T) 2/ F(ab'203 ^ putative 
F(ab'2f) 4 are indicated. 
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Target cells; 

Chicken red blood cells (CRBC) and Namalwa lymphoma cells 
were used as targets throughout the study. As regards the 
CRBC, fresh blood was collected from Rhode Island Red 
5 Chickens into preservative-free heparin and washed in DMEM 
before storing in supplemented DMEM at 4 # C. For 
radiolabelling, 50/xl of CRBC (5x10 s ) or 200/il of Namalwa (2 
x 10 7 ) were first incubated in 250 /il Na 2 51 Cr0 4 (Amersham 
International UK) for 40 min at 37 *C and then washed four 
10 times in DMEM before resuspending at 2xl0 5 /ml in 
supplemented DMEM. 
Effector Cells! 

Donors for PBL were healthy laboratory personnel in the age 
range of 21 to 55 years. Blood was collected into 

15 preservative-free heparin and separated by flotation on 
Ficoll-Hypaque (Lymphoprep, Nyeguard, Oslo, Norway) . Cells 
collected at the interface were washed in phosphate-buffered 
saline (PBS) and resuspended in supplemented DMEM for use in 
cytotoxicity or proliferation assays. 

20 Redirected cellular cytotoxicity fRCO assay; 

Cytotoxicity was measured by a standard 51 Cr-release assay 
in 96-well, U-bottomed, microculture plates (Gibco) . Each 
well received 50 til of antibody diluted in supplemented 
DMEM, followed by 10 4 S^r-labeled CRBC (50 fil) or 10 4 51 Cr- 

25 labeled Namalwa cells (50 Ml) and 2xl0 5 or 5xl0 5 PBL 

effectors (100 til) respectively in supplemented DMEM. The 
cell mixtures were then sedimented by centrifugation (230x6 
for five min) before incubating at 37 # C in a humidified 
atmosphere of 5% C0 2 in air for 4, 8 or 21 hours to allow 

30 lysis. Finally the cells were sedimented at 420xG for five 
min and 100-/^1 aliguots of supernatant removed to assess the 
release of 51 Cr from target cells. Percentages of specific 
51 Cr release were calculated by the usual method using 
detergent lysis with 1% Nonidet P40 to give maximum 51 Cr 

35 release. 

Graphs showing redirected antibody dependent cellular 
cytotoxicity of 51 Cr-labeled CRBC mediated by normal PBL and 
bispecific F(ab'5)2 antibody are shown in Fig. 4: 
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(a) shows lytic activity of the CD3 x CRBC antibody (100 ng/ml) in 4 
and 8 hour assays using fresh PEL from six healthy donors. 

(b) stows lysis of CRBC using PEL fran one healthy donor and various 
concentrations (as indicated) of CD3 x CRBC and CD16 x CRBC in 4, 8 
or 21 hour assays. Hie assay time is indicated on each of the CD3 x 
CRBC titration curves, but is omitted fran those of the CD16 x CRBC 
derivative due to their proximity. 

Note that while there is considerable variation between donors, all 
have shown appreciably higher levels of lysis in the longer assay. 
With two of the donors it was only in this longer 8 hour assay that 
significant release of 51 Cr could be measured at all. This result 
is confirmed and extended for one donor in Figure 4b, which shows 
that near maximal lytic activity was approached in eight hours with 
an antibody concentration of 100 ng/ml. 

A graph showing redirected antibody dependent cellular cytotoxicity 
of 51 Cr-labeled CRBC by PBL and one or more bispecific F(ab'X) 2 
antibodies is shown in Fig. 5. Lysis was measured in an 8 hour 
assay using fresh PBL from one donor and the derivatives indicated. 

Results indicated that while the CD3 x CRBC F(ab , ^) 2 lysed CRBC at 

concentrations as low as 4 ng/tal, almost 1000 tiroes more CD2 x CRBC 

F(ab ! ) 2 was necessary to achieve appreciable levels of 

cytotoxicity. Mixing the CD2 bispecific reagents 

with the CD3 x CRBC antibody resulted in no additive effects, giving 

similar levels of killing to those seen with the CD3 derivative 

alone. 

Fig. 6 shows that the redirected cellular cytotoxicity against 51 Cr- 
labelled CRBC is considerably hicfrer for bispecific F(ab' 
derivatives than for bispecific F(ab'#) 2 derivatives. For exanple, 
the CD3 x CD3 x CRBC triner was found to be up to 125 times more 
potent than the equivalent dimer, CD3 x CRBC, giving significant 
activity at concentrations below 0 . lng/ml . 
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The efficiency of these bispecif ic trimers is not dependant upon two 
Fab' 6 aims being bound to the effector cells, since the derivative 
CD3 x CRBC x CRBC gives a similar cytotoxicity result. The 
increased efficiency probably results from the increased b i n di n g 
avidity of the bispecif ic trimers. Blocking studies with excess 
Fab' 6 (Fig. 7) showed that the redirected cellular cytotoxicity 
mediated by a trispecific trimer is far more readily inhibited by 
blocking with the appropriate Fab 1 antibody than is that of a 
bispecif ic trimer. 

Fig. 7a shows a comparison of the cytotoxicity of CD2 x CRBC antibody 
with that of CD2 x CD2 x CRBC antibody, blocked with CD2 antibody. 
Fig. 7b shows a comparison of the cytotoxicity of CD3 x CRBC 
antibody with that of CD3 x CD3 x CRBC antibody, blocked with CD3 
antibody. 

These graphs show that redirected cellular cytotoxicity mediated by 
bispecif ic aimers is canpletely inhibited by the addition of 25/ig/ml 
of the appropriate Fab' # , whilst under similar conditions 
bispecif ic trimers still showed cytotoxic activity with blocking 
Fab'ft at 500,3 g/ml. 

A graph showing redirected antibody dependent cellular cytotoxicity 
of 51 Cr-labelled CRBC by trispecific Ffab'd^ is shown in Fig. 8. 
Lysis was measured in an 8 hour cytotoxicity assay using fresh PBL 
from one donor and the derivatives indicated. 

Otoe results show that a trispecific F(ab'tf) 3 derivative containing 
anti-CD2 and -CD3 antibody specificities was at least 100 times more 
potent than the best bispecific F(ab' ) 2 derivative and could 
promote significant levels of lysis at concentrations well below 0.1 ng/ral. 

From these results, it appears that trispecific F(ab) 3 antibodies 
according to the invention when used therapeutically will be 
effective at doses as low as 1% of those required for similar 
bispecific F(ab) 2 antibodies. This has clear advantages both in 
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cost of treatment and directly to the patient who will take a lower 
dosage of antibody, 

lb confirm that both the arms of the trispecif ic antibody specific 
for the effector were required for full activity we perfonred RCC 
assays in the presence of blocking Fab 1 ^antibody. Figure 9(a), 
shows the cytotoxicity of the CD2 x GD3 x CRBC antibody in the 
presence of, respectively, CD2 antibody, CD3 antibody and a mixture 
of CD2 antibody and CD3 antibody as blocker. The graph shows that 
when using CD2 antibody CD3 antibody at 500 ^ug/ml, a concentra-tion 
known to be sufficient to block bispecific derivatives (Fig. 7) no 
reduction in the activity of this trispecif ic reagent was observed. 
It was only when both these blocking antibodies were included in the 
assay that any reduction in activity occurred. With Fab 1 from both 
CD2 antibody and CD3 antibody each SOO^g/ml, specific 51 Cr release 
was reduced from 65% to 15%. In a similar experiment the results of 
which appear in Fig. 9(b), the trispecific F(ab»tf>3 antibody CD3 x 
CDS x CRBC also demonstrated redirected cellular cytotoxicity which 
was much more resistant to blocking than a bispecific F(ab l yf ) 2 (See 
Fig. 7) . In this example however, the blocking was slightly more 
effective than that with the CD2 x CD3 x CRBC reagent. While this 
increased sensitivity to blocking could reflect a reduced avidity by 
the CD3 x CDS x CRBC antibody, it is probably also affected by the 
relatively poor cytotoxic potency of this reagent. 

Incorporation of [%] thymidine: 

Proliferation of norml T cells in response to mitogenic antibody 
derivatives was assessed in vitro . Peripheral blood lymphocytes 
(PBL) isolated from Ficoll-Hypaque were cultured at 37°C in 96-well, 
U-bottcmed, microculture plates (10 5 /well) in supplemented RPMI 
containing the various antibody derivatives, together with or 
without CRBC (200 yul /well) . After 48 hours each well was pulsed 
for 16 hours at 37°C with 1 yiCi [^thymidine (Anersham) and the 
incorporated radioactivity harvested onto glass roicrof ibre filters 
and assessed as described previously. All experimental points were 
determined in triplicate. 
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A graph showing proliferation (activation) responses of PBL to 
different Fab 1 # derivatives is shown in Figs. 10 and 11. Fresh PBL 
from one donor were cultured for 48 hours with the Fab 1 if derivative 
or mixture of derivatives indicated. 

The results show that in the absence of CRBC only the trispecific 
antibody, CD2 x CD3 x CRBC, and to a lesser extent CD3 x CDS x CRBC, 
gave a significant proliferation signal. In contrast when CRBC were 
included in the cultures a number of antibodies, particularly 
CD2 x CD2 x CRBC and a mixture of CD2 x CRBC + CD3 x CRBC were 
highly mitogenic. 

Bispecific or trispecific F(ab) 3 antibodies with the appropriate 
specificities can be constructed which will first activate cellular 
effectors, such as T cell or monocytes, and then target them to 
destroy any unwanted cell. In the case of trispecific antibodies, 
efficient activation would appear to benefit from two antibody 
specificities reacting with molecules on the surface of the effector 
cell. The third Fab specificity of the trispecific F(ab) 3 is then 
available to target against any unwanted cell. Target cells in this 
system could include neoplastic cells, viral ly infected host cells 
(including HIV), autoreactive host cells (B or T lynphocytes) or 
invading pathogens, including bacteria and viruses. 

The bispecific F(ab'tf) 3 antibodies approximately 100 times irore 
potent than the equivalent bispecific F(ab'tf) 2 antibodies. For 
example, CD3 x CD3 x CRBC antibody was still fully active at below 
lng/ml. Thi« surprising increase in performance does not appear to 
arise fr om more efficient triggering of cytotoxic T cells, at least 
as judged by triggering of mitosis. An F(ab'tf) 3 antibody containing 
two CRBC specific Fab' 5 aims and one T cell specific Fab' arm also 
dertonstrated a similar improvement in performance. It seems likely 
that bispecific F(ab'#) 3 antibodies, because they bind to one cell 
surface through two Fab'^ arras, couple target and effector cells 
together with an increased avidity over equivalent bispecific 
F(ab* ft >2 antibody. Blocking studies were consistent with this 
interpretation, showing that the tv» arms of a bispecific F(ab'tf) 3 
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required at least 20 times more free Fabtf from the appropriate 
antibody to inhibit cytotoxicity than did equivalent F(ab f {f) 2 
reagent. 

In the case of trispecific antibodies, it may be advantageous to 
have two antibody Fab arras reacting with the target cell and one Fab 
arm recruiting either a cellular effector or a pharmacological agent 
such as a toxin. As with the effector T cell, other cells, 
including B cells and monocytes, can be activated when bound by two 
antibodies reacting with the appropriate surface molecules. 
Activiated cells which show a high proliferative rate are also often 
more susceptible to destruction by pharmacological agents such as 
cytotoxic drugs and toxins; the more rapidly growing tumours, such 
as childhood acute lynphoblastic leukaemia, are often the most 
sensitive to conventional chemotherapy. Thus, a trispecific 
antibody, with two Fab arms directed at the target cell and one at a 
pharmacological agent, could first activate the target cell and then 
deliver a poison while it remained in a hypersensitive state. 

In addition to the advantages of being able to activate effector or 
target cells, trispecific antibodies, because they have tw Fab aims 
binding to one surface, also display an increased avidity for that 
surface. A trispecific F(ab) 3 derivative will cross-link two cell 
surfaces together significantly more strongly than a mixture of two 
bispecific F(ab) 2 antibodies. This advantage may also be applied to 
immunoassays including enzyme-linked immnosorbent assays or radio- 
imnunoassays. In this situation a trispecific antibody with two 
different binding sites for a single antigen, such as an enzyme, 
protein or peptide, and a third Fab arm for a seoond protein, can be 
used as a single step cross-linker increased avidity. 

Other immunoassays in which a trispecific F(ab) 3 derivatives may be 
useful include situations where it is necessary to capture three 
different immunogenic antigens, such as enzymes, proteins or 
peptides, into a tight iimune conplex. An enzyme and its substrate 
could be captured directly f ran solution onto a solid surface in 
this way. 
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Redirected cellular cytotoxicity (RCC) of human tumour 
cells (Namalwa) with trispecific antibody. 

Fresh human blood mononuclear cells (PBL) and 51 Cr- 
labelled Namalwa cells were mixed in a standard 20 h 
5 cytotoxicity assay with derivatives of the shown 

specificities. The differentiation antigen CD37 was used as 
a tumour marker for delivering effectors to the Namalwa 
cells. The results are shown in Figure 12 of four RCC 
assays, using PBL from different donors (donor 1-4) . In 

10 each case the trispecific antibody [anti-CD2 x anti-CD3 x 
anti-CD3?] is far more active than any bispecific antibody. 
Note that this enhance lysis is specific in that the 
derivative [anti-CD2 x anti-CD3 x anti-CRBC] , which is 
mitogenic to T cells and was highly potent in RCC against 

15 CRBC (Fig. 8) , showed no cytotoxic activity (Donor 2). Also 
a mixture of two bispecific antibodies, [anti-CD3 x anti- 
CD37] + [anti-CD2 x anti-CD37], was no more active than 
[anti-CD3 x anti-CD37] alone (Donor 3). These results 
confirm the CRBC results by showing that a derivative with a 

20 pair of antibody arms (anti-CD2 x anti-CD3) which activate 
cytotoxic T cells, become highly potent reagents for killing 
unwanted targets when converted into a trispecific antibody 
by the addition of an anti-target cell arm. 

RCC of human tumour cells with a trispecific antibody 

25 triggering through CD2 * 

The experimental conditions were the same as those used 
in Figure 12, but using effectors from two different donors 
and derivatives with the specificities shown in Figure 13. 
The results in Figure 13 show that, for both donors a 

30 trispecific antibody derivative containing a mitogenic pair 
of anti-CD2 antibodies, anti-CD2 (Tllx) and anti-CD2 f 
(TII3), is as, or more, active than the original trispecific 
antibody [anti-CD2 x anti-CD3 x anti-CD37]. Note that three 
other trimeric antibodies, [anti-CD3 x anti-CD3 anti-CD37], 

35 [anti-CD3 x anti-CD4 x anti-CD37] and [anti-CD3 x anti-CD5 x 
anti-CD37], which are not mitogenic to T cells do not show 
the enhance activity of the [CD2 x CD3 x CD37] and [CD2 x 
CD2 ' XCD37] derivatives, but are probably more active than a 
bispecific F(ab')2 [anti-CD3 x anti-CD37]. 
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Claims 



1. A trimeric or tetrameric antibody. 

2. A bispecific or trispecific antibody according to claim l. 

3. An antibody according to any preceding claim comprising at 
least one arm specific for a marker on a first noiety and at least 
one arm spe cif ic for a marker on a second moiety. 

4* A trispecific antibody according to any preceding claim 
conprising one arm specific for a marker on a first moiety and two 
arms specific, respectively, for different markers on a second 
moiety. 

5. An antibody according to claim 3 or 4 in which the first and 
second moieties are, respectively, a target cell and an effector. 

6 . An antibody according to claims 3 or 4 in which the first and 
second moieties are, respectively, an effector and a target cell. 

7 . A antibody according to claim 5 or 6 in which the effector is 
an effector cell. 

8. An antibody according to claims 5 or 6 in which the effector is 
a therapeutic agent effective to destroy the target cell. 

9. An antibody according to claim 8, in which the therapeutic 
agent is a conventional chemotherapeutic oonpound to which 
antibodies can be raised, such as daunonycin or adriamycin. 

10. An antibody according to any of claims 5 to 9 in which the 
target cell is a tunour cell. 
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11. A trispecific antibody according to any of claims 1 to 5, in 
which two arms are specific for, respectively, TCR-CD3 and an 
accessory molecule on effector T cells. 

12. A trispecific antibody according to any of claims 1 to 5 
comprising two arms specific for, respectively, different sites on a 
Type 1 or Type 2 riboscme-inactdvating protein and at least one arm 
specific for a marker on a target cell, 

13. A trispecific antibody according to any of claims 1 to 4, 6 and 
8 to 10 comprising two arms specific for, respectively, two 
different markers on a target cell and at least one arm specific for 
a Type 1 or Type 2 riboscHiie-inactdvatiiig protein. 

14. A trispecific antibody according to claim 12 or 13, in which 
the ribosams-inactdvating protein is saporin, ricin A chain or 
intact ricin. 

15. A bispecific antibody according to any of claims 1 to 3, 5 to 7 
and 10 oatt p r i sing two arms specific for TCR-CD3. 

16. A bispecific antibody according to any of claims 1 to 3, and 5 
canprising two arms specific for a target cell. 

17. An antibody according to any preceding claim in which the 
norrarer arms are Unirpri by a -S- ( o-phenylenedisucciniinid^l ) -S- 
group. 

18. A F(ab) 3 or F(ab) 4 antibody according to any preceding claim. 

19- An F(eb* ) 3 or F(abtf ) 4 antibody according to any preceding 
claim. 

20, An F(ab') 3 or F(ab') 4 antibody according to any preceding 
claim. 
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21. An F(ab , y>3 or F(ab'S) 4 antibody according to any preceding 
claim. 

22 . A FV 3 or Fv 4 antibody according to any of claims 1 to 17 . 

23. A process for the preparation of a bispecific' F(ab) 3 antibody 
oonprising: 

(i) dissociating an F(ab) 2 antibody fragment having a first 
specif icty into its two component Fab arms; 

(ii) dissociating a second F(ab) 2 antibody fragment having a 
second specificity into its two component Fab arms; and 

(iii) linking the first Fab arm from step <i) to two component 
Fab arms from step (ii) to give bispecific F(ab) 3 . 

24. A process for the preparation of a trispecific F(ab) 3 antibody 
comprising: 

(i) dissociating an F(ab) 2 antibody fragment having a first 
specificity into its two component Fab arms; 

(ii) dissocia t i n g a second F(ab) 2 antibody fragrant having a 
second specificity into its two component Fab arms; 

(iii) linking the first Fab arm frcm step (i) to the Fab arm 
from step (ii) to construct a bispecific F(ab) 2 antibody; 

(iv) dissociating a third F(ab) 2 antibody fragment having a 
third specificity into its two component Fab arms; and 

(v) linking the bispecific F(ab) 2 antibody frcm step (iii) 
to the Fab arm from step (iv) to give trispecific F(ab) 3 . 
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25. A process according to claim 23 or 24 in which the F(ab) 2 
antibody fragments used in steps (i), (ii) and (iv) are obtained by 
treating antibodies having the said specificities with pepsin or 
other proteolytic enzyme. 

26. A process according to any of claims 23 to 25 in which one or 
irore of steps (i), (ii) and (iv) are carried out by treatment of the 
F(ab) 2 antibody fragment with a reducing agent such as 
2-mercaptoethanol . 

27. A process according to any of claims 23 to 26 in which the 
linking of step (iii) is effected by treating the dissociated Fab 
fragment produced in one of steps (i) and (ii) with 

rt-ph Any i p hpH i n y=j ] e j m j Hp and oornbining the thus treated Fab fragment 
with the untreated Fab fragrant produced in the other of steps (i) 
and (ii) under cross-linking conditions to give the bispecific 
F(ab) 2 fragment. 

28. A process according to any of claims 24 to 27 for the reporting 
of a trispecific F(ab) 3 antibody in which the linking of step (v) 
is effected by treating the Fab fragment produced in step (iv) with 
o-phenyleledimaleimide and axrbining the thus treated Fab fragment 
with the bispecific F(ab) 2 fragment produced in step (iii) under 
cross linking conditions to give F(ab) 3 . 

29. A conjugate comprising a bispecific or trispecific antibody 
according to any of claims 1 to 22 or produced by a process 
according to any of claims 23 to 28 conplexed with an effector to 
which at least one arm of the antibody is specific. 

30. A process for the preparation of a conjugate according to 
claim 29, conprising mixing the antibody with the effector. 

31. A pharmaceutical composition conprising a pharmaceutical^ 
acceptable carrier or. diluent and/ as active ingredient, either: a 
bispecific or trispecific antibody according to any of claims 1 to 
22; a bispecific or trispecific antibody produced by a process 
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according to any of claims 23 to 28; or a conjugate 
according to claim 29, or a conjugate produced by a process 
according to claim 30. 

32. A pack comprising: a bispecific or trispecific antibody 
5 according to any of claim 1 to 22 or produced by a process 
according to any one of claims 23 to 28 and, separately 
therefrom, an effector for which at least one arm of the 
antibody is specific. 
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Fig. 9. 
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ABSTRACT 



The invention relates to bispecific and oligospecific, raono- 
and oligovalent receptors which are prepared by gene 
manipulation by fusion of DNA coding for F(ab) fragments 
of antibodies of two or more different specificities by means 
of suitable liifkers. In this connection, one specificity is 
preferably directed either against an epitope, which is 
located on the cell membrane or in the interstitium, of a 
tumor-associated antigen (TAA) or against an epitope in the 
tumor endothelium (TE), while the other specificities relate 
to high-molecular or low-molecular weight ligands and 
react, for example, with the Komplexons emylenediarnine- 
tetraacetate and diethylenetriaminepentaacetate in Y90 com- 
plexed form (EDTA-Y90 and DTPA-Y90 respectively). In a 
particularly preferred embodiment, the binding with the 
Komplexons takes place on the Korxplexon receptor arm via 
fos-jun interaction (or else avidin-biotin interaction), Other 
preferred specificities have catalytic properties. 

10 Claims, 22 Drawing Sheets 
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VH 

Q-VQLQESGGGLVQPGGSLRL 
CAGGTCCMCTGCAGGAGTCTGGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTC 
10 20 30 40 50 60 

SCATSGFSDYYMNWVRQPPG 
TCCTGCGC^CTTCTGGGTTCAGTGATTACTACATGAACTGGGTCCGCCAGCCTCCAGGA 
70 80 90 100 110 120 

KALEWLGFISNKPNGHTTEY 
AMGCACTTGAGTGGTTGGGTTTTATTTCAAACAAACCTAATGGTCACACAACAGAGTAC 
130 140 150 160 170 180 

SASVKGRFTISRDNSQSILY 
AGTGCATCTGTGAAGGGTCGGTTCACCATCTCCAGAGATAATTCCCAAAGCATCCTCTAT 
190 200 210 220 230 240 

LQMNTLRAEDSATYYCARDK 
CTTCAAATGAACACCCTGAGAGCTGAGGACAGTGCCACTTATTATTGTGCAAGAGATAAG 
250 260 270 280 290 300 

GIRWYFDVWGQGTTVTVSS 
GGMTACGATGGTAOTCGATGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA 
310 320 330 340 350 

VK 

AILSASPGEKVTMTCRASSS 
AGCMTCCTGTCTGCATCTCCAGGGGAGAAGGTCACAATGACTTGCAGGGCCAGCTCAAG 
10 20 30 40 50 60 

VSYMHWYQQKPGS S PKPWIY 
TGTMGTTACATGCACTGGTACCAGCAGAAGCCAGGATCCTCCCCCAAACCCTGGATTTA 
70 80 90 100 110 120 

ATSNLASGVPARFSGSGSGT 
TGCCACATCCMCCTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGA 
130 140 150 160 170 180 

SYSLTIIRVEAEDAATYYCQ 
OTTTACTCTCTCACAATCATCAGAGTGGAGGCTGAAGATGCTGCCACTTATTACTGCCA 
190 200 210 220 230 240 

QWSSNPLTFGAGTKLEI 
GCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACCAAGCTGGAGATC 
250 260 270 280 290 
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VH 

LQESGPDLVKPSQSLSLTCT 
CTGCAGGAGTCAGGACCTGACCTGGTGAMCCTTCTCAGTCACTTTCACTCACCTGCACT 
10 20 30 40 50 60 

VTGYSITSGYSWHWIRQFPG 
GTCACTGGCTACTCCATCACCAGTGGTTATAGCTGGCACTGGATCCGGCAGTTTCCAGGA 
70 80 90 100 110 120 

NKLEWMGYIQYSGITNYNPS 
AACAAACTGGAATGGATGGGCTACATACAGTACAGTGGTATCACTAACTACAACCCCTCT 
130 140 150 160 170 180 

LKSRISITRDTSKNQFFLQL 
CTCAAAAGTCGAATCTCTATCACTCGAGACACATCCAAGAACCAGTTCTTCCTGCAGTTG 
190 200 210' 220 230 240 

NSVTTEDTATYYCAREDYDY 
AATTCAGTGACTACTGAGGACACAGCCACATATTACTGTGCAAGAGAAGACTATGATTAC 
250 260 270 280 290 300 

HWYFDVWGAGTTVTVSS 
CACTGGTACTTCGATGTCTGGGGCGCAGGGACCACGGTCACCGTCTCCTCA 
310 320 330 340 350 

VK 

LTQSPAIMSASLGEEITLTC 
CTGACCCAGTCTCCAGCAATCATGTCTGCATCTCTAGGGGAGGAGATCACCCTAACCTGC 
10 20 30 40 50 60 

STSSS.VSYMHWYQQK SGTSP 
AGTACCAGCTCGAGTGTAAGTTACATGCACTGGTACCAGCAGAAGTCAGGCACTTCTCCC 
70 80 90 100 110 120 

KLLIYSTSNLASGVPSRFSG 

amctctoatttatagcacatccmcctg(x:ttctggagtcccttctcgcttcagtggc 

130 140 150 160 170 180 

SGSGTFYSLTISSVEAEDA A 
AGTGGGTCTGGGACCTTTTATTCTCTCACAATCAGCAGTGTGGAGGCTGAAGATGCTGCC 
190 200 210 220 230 240 

DYYCHQWSSYPTFGGGTKLE 
GATTATTACTGCCATCAGTGGAGTAGTTATCCCACGTTCGGAGGGGGGACCAAGCTGGAG 
250 260 270 280 290 300 
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VH 

QVQLQQSGPELVKPGASVKM 
CAGGTCCAACTGCAGCAGTCTGGACCTGAGCTGGTAAAGCCTGGGGCTTCAGTGAAGATG 
10 20 30 40 50 60 

SCKASGYTFTYYVIHWVKQK 
TCCTGCAAGGCTTCTGGATACACATTCACTTACTATGTTATTCACTGGGTGAAACAGAAG 
70 80 90 100 110 120 

PGQGLEWIGYIHPYNAGTEY 
CCTGGGCAGGGCCTTGAGTGGATTGGATACATTCATCCTTACAATGCTGGTACTGAGTAC 
130 140 150 160 170 180 

NEKFKGKATLTSDKS SSTAY 
AATGAGAAGTTCAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGCACAGCCTAC 
190 200 210 220 230 240 

MELSSLTSEDSAVYYCSMGR. 
ATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCTATTACTGTTCAATGGGACGA 
250 260 270 280 290 300 

GGDYWGQGTTVTVS S 
GGGGGTGACTACTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA 
310 320 330 340 

VK 

LTQSPAIMSASPGEKVTMTC 
CTGACCCAGTCTCCAGCAATTATGTCTGCATCTCCTGGGGAGAAGGTCACCATGACCTGC 
10 20 30 40 50 60 

SASSSVSYMHWYQQKSGTSP 
AGTGCCAGCTCAAGTGTAAGTTACATGCACTGGTACCAGCAGAAGTCAGGCACCTCCCCC 
70 80 90 100 110 120 

KRWIYDTSKLASGVPARFSG 
AAMGATGGATTTATGACACATCCAAACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGC 
130 140 150 160 170 180 

SGSGTSYSLTI SSMEAEDAA 
AGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCC 
190 200 210 220 230 240 

TYYCQQWSSNPFTFGAGTKL 
ACTTATTACTGCCAGCAGTGGAGTAGTAACCCATTCACGTTCGGCGCGGGGACCMGCTG 
250 260 270 280 290 300 
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VH 

AESGPGLVRLTSLSITCTVS 
GCAGAGTCAGGGCCTGGCCTGGTGCGCCTCACGAGCCTGTCCATCACTTGCACTGTCTCT 
10 20 30 40 50 60 

GFSLISYGVHWVRQPPGKGL 
GGCTTTTCATTMTTAGTTATGGTGTA^CTGOSTTCGCCAGCCTCCAGGAAAGGGTCTG 
70 80 90 100 110 120 

EWLGVIWAGGSTNYNSALMS 
GAGTGGCTGGGAGTMTATGGGCAGGTGGMGCACMATTATMTTCGGCTCTCATGTCC 
130 140 150 160 170 180 

RLSISKDNSKSQVFLKMNSL 
AGACTGAGCATCAGCAAAGACMCTCCMGAGCCMGTTTTCTTAAAAATGAACAGTCTG 
190 200 210 220 230 240 

QTG'DTAIYYCARGGDDYDGF 
CAAACTGGTGACACAGCCATATACTACTGTGCCAGAGGGGGGGATGATTACGATGGGTTT 
250 260 270 280 290 300 

AYWGQGTTVTVS SGES 
GCTTACTGGGGCCAAGGGACCACGGTCACCGTCTCCTCAGGTGAGTCC 
310 320 330 340 

VK 

LTQS PS SLAVSAGEKVTMSC 
CTGACCCAGTCTCCATCCTCCCTGGCTGTGTCAGCAGGAGAGAAGGTCACTATGAGCTGC 
10 20 30 40 50 60 

KSSQSLLSS.KRKNYLAWYQ 
AAATCCAGTCAGAGTCTGCTCAGCAGTACAAAGCGAAAGAACTACTTGGCTTGGTACCAG 
70 80 90 100 110 120 

QKPGQS PKLLIYWASTRESG 
CAGAAACCAGGTCAGTCTCCTAAACTACTGATCTACTGGGCATCCACTCGGGAATCTGGG 
130 140 150 160 170 180 

YPDRFTGSGSGTDFTLTISS 
GTCCCTGATCGCTTCACAGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGT 
190 200 210 220 230 240 

VQAEDLAVY YCKQSYNLRAF 
GTGCAGGCTGAAGACCTGGCAGTTTAT'MCTGCAAACAATCTTATAATCTTCGGGCGTTC 
230 260 270 280 290 300 

GGGTKLEIK 
GGTGGAGGGACCAAGCTGGAGATCAAA 
310 320 

FIG. 25 
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BISPECIFIC AND OLIGOSPECIFIC 
MONO-AND OLIGOVALENT RECEPTORS, 
THE PREPARATION AND USE THEREOF 

This application is a continuation, of application Ser. No. 5 
08/147,428, filed Nov. 5, 1993, now abandoned, which is a 
continuation of application Sen No. 8/017,439 filed Feb. 12, 
1993, abandoned; which is a continuation of application Ser. 
No. 07/541,020 filed Jun. 20, 1990, now abandoned. 

The invention relates to bispecific and oligospecific, 
mono- and oligovalent receptors which are prepared by gene 
manipulation by fusion of DNA coding for F(ab) fragments 
of antibodies of two or more different specificities by means 
of suitable linkers. In this connection, one specificity is 
preferably directed either against an epitope of a tumor- 
associated antigen (TAA), which is located on the cell 15 
membrane or in the interstitiurn or against an epitope in the 
tumor endothelium (TE), while the other specificities relate 
to high-molecular or low-molecular weight ligands and 
react, for example, with the chelates ethylenediaminetet- 
raacetate and diethylenethaminepentaacetate in Y90 com- 
plexed form (EDTA-Y90 and DTPA-Y90 respectively). In a 
particularly preferred embodiment, the binding with the 
chelates takes place on the chelate receptor arm via fos-jun 
interaction (or else avidin-biotin interaction). Other pre- 
ferred specificities have catalytic properties, or bind to other 
TAA's on the same tumour cell or to receptors on lymphoid 
cells. 

Bispecific antibodies have to date been prepared by the 
following methods 
chemical coupling of antibodies of diverse specificity via 
heterobifunctional linkers (H. Paulus, Behring Inst 
Mitt. 78, (1985), 118-132) 
fusion of hybrids which are already available and secrete 
various monoclonal antibodies (NAb), and isolation of 35 
the bispecific monovalent portion (U. S. Staerz and M. 
J. Bevan, Proc. Natl. Acad. Sci. U.S.A. 83, (1986) 
1453-1457) 

transfection of the light and heavy chain genes of two 
different Mabs (4 genes) into murine myeloma cells or 40 
other cukaryotic expression systems and isolation of 
the bispecific monovalent portion (U. Zimmermann, 
Rev. Physio. Biochem. Pharmacol. 105 (1986), 
176-260; J. van Dijk et aL. Int. J. Cancer 43, (1989), 
344-349). 45 
Bispecific antibodies of this type are employed for the 
therapy and diagnosis of malignant tumors. The principle of 
the process comprises, in the first step, achieving saturation 
of the epitopes which are recognized by one of the two 
specificities on the target cells, by injection of the bispecific 50 
macromolecule over prolonged periods and with high doses. 

In the second step, which comprises interruption of the 
treatment for several days, there is autoelimination of the 
non-specifically adsorbed bispecific antibody from the non- 
target tissues. 55 

This autoelimination can be speeded up by injection of an 
anti-idiotype antibody which is coupled to sugar residues, 
preferably galactose, and is directed against the anti-tumor 
arm of the bispecific receptor. 

The third step in the process comprises i.v. injection of a 60 
radiolabeled, hydrophilic low-molecular weight ligand 
which does not accumulate in cells, has a short residence 
time in the body, has high complex ing constants for bcta- 
and gamma-emitters such as M Y, l86 Re, 188 Re, 189 Rc, 99m Tc 
or 11 \ and binds to the second specificity of the bispecific 65 
receptor with high affinity. This step results in a concentra- 
tion of the radioactive ligand, associated with prolonged 



retention on the target tissue, which results in selective 
destruction of the target tissue and makes possible diagnosis 
of metastases, for example. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts the gene fragments which code for the 
and C„l sections of monoclonal antibodies a and b being 
linked in such a manner that the N-terminus of the V H 
domain of Mab b is covalently bonded via a polypeptide 
spacer to the C terminus of the C„l domain of MAb a. 

FIG. 2 depicts the preferential expression product when 
the gene construct of FIG. 1 is transfected together with the 
genes for the light chains of MAb a and MAb b into 
eukaryotic cells. The correct pairing of heavy and light 
chains is aided by modification of the C„la, C„lb, C^a and 
Ob domains such that opposite charges meet at the constant 
domains or areas of contact which are each hydrophobic or 
each hydrophilic. 

FIG. 3 depicts bispecific receptors that are bivalent for 
MAb a and monovalent for MAb b. The C-terminal end of 
the C H \ domain of MAb b of the gene construct depicted in 
FIG. 1 is linked to the N-terminal end of the V„ domain of 
MAb a by a polypeptide spacer. 

FIG. 4 depicts the preferential expression product when 
the gene construct depicted in FIG. 3 is transfected together 
with the genes for the light chains of MAb a and MAb b into 
eukaryotic cells. The fusion molecules expressed preferen- 
tially comprise two F(ab) fragments of MAb a and one F(ab) 
fragment of MAb b. 

FIG. 5 depicts a plasmid containing the C ff \ exon and a 
hinge exon. 

FIG. 6 depicts plasmid M containing the C H l exon and 
the 3' NT region of an HLA B27 gene. 

FIG. 7 depicts an M13 vector containing the V^a and V^b 
genes. 

HG. 8 depicts the plasmid pEV w a C containing the V^a. 
gene. 

FIG. 9 depicts the construction of plasmid clone L. 
FIG. 10 depicts the construction of plasmid X. 
FIG. 11 depicts the construction of plasmid Z. 
FIG. 12 depicts the construction of plasmid Y. 
jFIG. 13 depicts the construction of plasmid PEVT 

FIG. 14 depicts plasmid D containing the CHI exon and 
the first hinge oxon of the IgG3 C gone. 

FIG. 15 depicts plasmid E containing the C3 exon and the 
3' NT region of the HLA B27k gene. 

FIG. 16 depicts the construction of plasmid F. 

FIG. 17 depicts the construction of plasmid G. 

FIG. 18 depicts plasmid G' containing a SstI and a Sphl 
restriction cleavage site at the 3'-end of the hinge exon and 
without a SstI restriction cleavage site at the 5' end of the 
hinge exon. 

FIG. 19 depicts the construction of plasmid H. 

FIG. 20 depicts the construction of plasmid I. 

FIG. 21 depicts the construction of plasmid K. 

FIG. 22 depicts the DNA and amino acid sequence of \ H 
and V*. for MAb A. 

FIG. 23 depicts the DNA and amino acid sequence of V H 
and V K for MAb B. 

FIG. 24 depicts the DNA and amino acid sequence of 
and V* for MAb C. 
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FIG. 25 depicts the DNA and amino acid sequence of V H 
and V*. for MAb D. 

The invention now provides bispecific and oligospecific 
receptors which have, depending on requirements, mono- or 
oligovalent binding sites to the particular epitopes and are 5 
produced by gene manipulation by means of suitable linkers. 
This entails the gene fragments which code for the V 7/ and 
C„l sections of antibodies a and b being linked, by means 
of suitable synthetic oligonucleotides as depicted by way of 
example in Tab. 1, in such a manner that the N-terminus of 10 
the V H domain of MAb b is covalently bonded via a 
polypeptide spacer to the C terminus of the C 7/ l domain of 
MAb a (FIG. 1). The V^C^-polypeptidc spacer 
-V/fbC/ylb gene construct is transfected together with the 
genes for the light chains of antibodies a and b into eukary- 15 
otic cells (for example mouse myeloma cells). The C^la, 
C„lb, C t a and C t b domains are modified in such a way that 
opposite charges meet at the areas of contact of the constant 
domains (C^laMC^-); C„lb(-)C 4 b(+)) (+=positivc, 
-^negative) or opposing areas of contact are in each case 20 
hydrophobic or in each case hydrophilic. This means that the 
transfectomas preferentially express hybrid molecules 
which have the correct pairings of heavy and light chains 
(FIG. 2). 

Here, antibody a is a representative example of an and- 25 
tumor antibody, and antibody b represents an antibody 
against a low-molecular weight ligand, preferably the che- 
lates DTPA-Y90 or EDTA-Y90. 

Bi- or oligospecific receptor accordingly means a geneti- 
cally engineered construction of V H and C^l domains of 30 
antibodies of diverse specificity via suitable linkers so that 
the required mobility for association with the corresponding 
light chains is present and antigen binding is not impeded. 

The antigen-binding sites are called valencies or binding 35 
sites. A bispecific monovalent receptor thus has one antigen- 
binding site in each case when there are two specificities. 
Consequently, a bispecific trivalent receptor has one anti- 
gen-binding site for one specificity and two antigen-binding 
sites for the other. An 

AO 

Bispecific receptors which are bivalent for the tumor 
antigen (MAb a) and monovalent for EDTA-Y90 (MAb b) 
are prepared by linking the heavy chain gene construct 
described above, by means of the abovementioned oligo- 
nucleotide linker, to the gene section which codes for the V H 45 
and C H \ domain^ of MAb a (FIG. 3) so that the C-terminal 
end of the C„l domain of MAb b is connected to the 
N-terminal end of the V H domain of MAb a by a polypeptide 
spacer. These gene constructs are transfected together with 
the genes for the light chains belonging to MAb a and b into 50 
eukaryotic cells (for example myeloma cells). The C H l and 
C k domains are provided, as described above, with comple- 
mentary charges or areas of contact which are in each case 
hydrophobic or hydrophilic. The transfectomas preferen- 
tially express fusion molecules which comprise two F(ab) 55 
fragments of MAb a and one F(ab) fragment of MAb b (FIG. 
4). The mobility of the peptide linkers makes possible the 
alignment of the two F(ab) arms of MAb a towards the 
tumor cell with, at the same time, alignment of the F(ab) arm 
of MAb b towards the intercellular space. It is possible 50 
correspondingly to add further binding sites of identical or 
difFerent specificity. Moreover, it is possible to combine 
freely the sequence of specificities in the constructs. 

Consequently, the invention relates to bispecific or oli- 
gospecific, mono- or oligovalent receptors which have both 65 
specificity for an epitope located on the cell membrane or in 
the interstitium, for example TAA or TE, and specificity for 
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a low- or high-molecular weight ligand which is distributed 
exclusively in the extracellular space. In this connection, one 
specificity is preferably formed by the tumor-specific anti- 
bodies, as proposed in German Patent Application P 39 09 
799.4, whereas the other specificity is preferably directed 
against DTPA-Y90 or EDTA-Y90. In a particularly pre- 
ferred embodiment, the binding takes place with chelates on 
the chelate receptor arm via fos-Jun interaction (see 
Example 5). Another preferred variant of the invention 
comprises the incorporation of specificities with catalytic 
activity. Moreover, there is no restriction on the choice of the 
sequence of the specificities or binding valencies, as is 
shown by way of example in FIG. 4 for three valencies with 
two specificities. 

Particularly preferred constructs according to the inven- 
tion are those which contain a V gene of Tables 2, 3, 4 and/or 
5. Antibodies with these sequences and their properties are 
described in German Patent Application P 39 09 799.4. 
Moreover, the complementarity determining regions 
(CDRs) can be identified by the method of Kabat and Wu 
(Sequences of Proteins of Immunological Interest, U.S. 
Dept. of Health and Human Services, U.S. Government 
Printing Office (1987)). Likewise preferred are constructs 
which contain specificities against the epitopes defined by 
the monoclonal antibodies described above. 

The invention additionally relates to genetic engineering 
processes for the preparation of the constructs described 
above, and to a use of the abovementioned constructs for 
preparing pharmaceuticals for controlling and diagnosing 
target cells. This entails, in a first step, saturation of the 
relevant epitopes on target cells after injection of the con- 
structs and, in a subsequent interval, elimination of non- 
specifically adsorbed or unbound constructs. The step fol- 
lowing this comprises injection and subsequent specific 
binding of a low- or high-molecular weight ligand which 
does not accumulate in cells and is intrinsically cytotoxic or 
is "activated" to cytotoxicity by extracorporeal influences 
where appropriate in another step. Examples of processes of 
this type are enzymatic activation, activation by microwave 
irradiation of a prodrug or activation by laser light 

The invention is furthermore contained in the examples 
and the patent claims. 

EXAMPLE 1 

Preparation of an anti-DTPA-Y90 or EDTA-Y90 
MAb 

Isothiocyanatobenzyl-DTPA (formula 2) was covalently 
coupled as hapten onto human serum albumin (HSA as 
carrier) with a degree of derealization of 19 benzyl-DTPA 
molecules per HSA molecule by the method described in (N. 
W. Brechbiel et al., Inorganic Chemistry25, (1986) 
2772-2781). 20 ug of this hapten-carrier complex, into 
which cold Y had been complexed, were injected s.c. on day 
0 with Freund's adjuvant, on day 7 and 14 with incomplete 
Freund's adjuvant and on day 21 with PBS into Balb/c mice. 
On day 24, the spleens of the mice with the highest anti- 
DTPA antibody titers were fused with the SP2/0-Agl4 
myeloma cell line (Shulman et al., Nature 276, (1978) 269). 
The resulting hybridomas were tested in a DTPA-specific 
ELISA for the production of high-afenity MAbs against 
DTPA and EDTA. The ELISA comprised a solid phase 
which was loaded with a solution containing HSA-benzyl- 
DTPA-Y. The supernatant containing the MAb to be tested 
was preincubated with free chelate or its metal ion com- 
plexes, and its binding to the specific solid phase was 
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C/zl-linker-V^lb C^l gene construct 
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measured. An enzyme amplification system which is 
coupled to an anti-mouse immunoglobulin antibody was 
used for this purpose. The details of these methods are 
described in Annex la and lb. 

MAbs which have the properties described in Annex le 5 
were obtained using this assay system. 

In contrast to many other anti-DTPA/EDTAMAbs, these 
MAbs do not bind to normal human tissue, as was found 
using the APAAP technique (Cordcll ct al. t J. Histochem. 
Cytochcm. 32: 219, 1984) on cryopreserved tissues. It is 
therefore possible to use these MAbs in vivo for diagnosis 
and therapy. 

The competitors employed were the chelates DTPA and 
EDTA in non-complexed and in complexed form (Annex 
le). 

In addition, the structurally related compounds transaco- 
nitic acid and 1,2-diarninoethane were used as inhibitors 
(sec Annex le). MAb BW 2050/174 is particularly suitable 
for in vivo use, showing preferential binding lo EDTA-Y, in 20 
contrast to all the other MAbs (see Annex le, low competitor 
excess for EDTA-Y (lOOx) higher excess for other EDTA 
Komplexons). The hybrid 2050/174 was therefore stabilized 
and used for developing the EDTA-Y arm in the bispecific 
receptor. 25 

EXAMPLE 2 



30 



45 



The techniques used here were taken, unless indicated 
otherwise, from Molecular Cloning, A Laboratory Manual; 
Sambrook, Fritsch, Maniatis; Cold Spring Harbor Labora- 
tory, 1982 (pp. 11-44, 51-127, 133-134, 141, 146, 150-167, 35 
170, 188-193, 197-199, 248-255, 270-294, 310-328, 
364-401, 437-506) and from Molecular Cloning, A Labo- 
ratory Manual, Second Edition; Sambrook, Fritsch, Mania- 
tis; Cold Spring Harbor Laboratory Press, 1989, (pp. 
16.2-16.22, 16.30-16.40, 16.54-16.55). <o 

A human IgG 3 C gene was isolated from a human gene 
bank in EMBL3 phages (A. M. Frischauf et al. t J. Mol. Biol. 
170, 827-842 (1983) and G. H. A. Seemann et al., The 
EMBO Journal 5 (1986), 547-552). 

Constructions which contain, on the one hand, only the 
C H \ exon and a hinge exon (FIG. 5) and, on the other hand, 
the C H \ exon and the 3OT region of an HLAB27 gene (FIG. 
6, fragment M in plasmid M) were prepared from this lgG 3 
C gene as described in German Patent Application P 38 25 - n 
615.0. 

The and V^b genes were amplified from mRNA of 
the hybrid clones a and b as described by Orlandi et al. (Proc. 
Natl. Acad. Sci. U.S.A. 86, (1989), 3833-3837) and cloned 
in an Ml 3 vector (V„a PCR and V„b PCR) (FIG. 7). The 55 
V„a gene was cloned as the Hindlll-BamHI fragment into 
the eukaryotic expression vector pEV„ (Simon et al., Nucl. 
Acids. Res. 16, (1988), 354) (FIG. 8). The result is the 
plasmid pEV„ a C. 

The human IgG C gene subclone with the C /7 1 and with 60 
one hinge exon (FIG. 5) contains a PstI cleavage site 
between C„l exon and hinge exon. The V w genes contain a 
Pstl cleavage site at the 5' end. The linker oligonucleotide is 
designed such that it overlaps at the 5* end with the region 
of the Pstl cleavage site on the C /7 1+1H su ^fragment of the 65 
IgG C gene and at the 3' end with the Pstl cleavage site of 
the V w b gene. The linker oligonucleotide is cloned by means 



of its Pstl cleavage sites into the Pstl cleavage site of a PUC 
1 8 plasmid (FIG. 9). The result is the plasmid clone L. 

The plasmid with the IgG 3 C gene subfragment with C^l 
exon and with a hinge exon is cleaved with Pstl and BamHI 
and ligated to the V w b gene fragment cut out of V^b PCR 
as Pstl-BamHI fragment (FIG. 10). The result is the plasmid 
X. 

The plasmid X is cleaved with Pstl and ligated to the 
linker fragment which has been cut out of the plasmid L 
likewise with Pstl (FIG. 11). Nucleic acid sequence analysis 
is used to identify the clone Z in which the linker is cloned 
in correct orientation between C^l and V^b without dis- 
turbing the intron/exon junction between intron 3 and linker 
exon and without disturbing the reading frame at the junc- 
tion between linker and V H b gene. 

The plasmid pEVa C is cleaved with BamHI and ligated 
to the fragment M cut out of the plasmid M with BamHI. 
Restriction analysis is used to identify the clone Y which 
contains the fragment M in the correct orientation (FIG. 12). 

The plasmid Y is partially cleaved with BamHI and 
ligated to the fragment (C^l -linker- V^b) cut out of the 
plasmid X by HindlU and BamHI cleavage, after all the ends 
have been filled in. Nucleotide sequence analysis and restric- 
tion mapping are used to identify the plasmid clone PEVT 
which contains the fusion geneV^a C H l -linker- V^b C H l 
with the correct orientation of all the exons (FIG. 13). 

The plasmid PEVT is transfected together with plasmids 
which harbor the genes for the light chains of antibodies a 
and b into suitable eukaryotic expression cells in order to 
express the antibody a F (ab) antibody b F (ab) fusion 
protein. 

EXAMPLE 3 

Transfection of the light and heavy chain genes of 
two different MAbs (4 genes) 

The isolation of immunoglobulin genes is described in 
German Patent Application P 39 09 799.4. 

The genes cloned into vectors were transfected by elec- 
troporation after linearization of the vectors into 
X63Ag8.653 myeloma cells (H. Stopper et al., Biochem. 
Biophys. Acta 900 (1987), 38-44). The transfectomas which 
grew in selective media were tested for the production of 
bispecific monovalent MAbs in a specific RIA. This RIA 
comprised TA A adsorbed on a solid phase, onto which, after 
blockade of the non-specific sites by casein, the transfec- 
toma supematants to be assayed were placed. After DTPA or 
EDTA which were complexed with **Y or 99m Tc had been 
added and the excess had been washed away, it was possible 
to detect those transfectomas which secreted bispecific 
monovalent anti-TAAxanti-EDTA MAbs by an increased 
radioactive signal on the solid phase. 

Transfcctoma 9 was stabilized by limited dilution cloning 
and expanded in cell culture. Cell culture supematants were 
concentrated lOx, the MAb fraction was purified by protein 
A chromatography (P. L. Ey et al., Inununochemistry 15, 
(1978), 429), and the fraction containing the bispecific 
monovalent MAb was purified by anion exchange chroma- 
tography (J. Van Dijk et al., Int. J. Cancer 43, (1989), 
344-349). 

EXAMPLE 4 

Biological effectivity 

Purified protein containing the bispecific monovalent 
MAb (BW 431/26XBW 2050/174) was injected i.v. in 500 
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ug doses on days 0, 3, 5, 8, 10 and 12 into nude mice 
carrying human tumor xenografts (CoCa 4). 50 uCi of 
EDTA- Y90 were injected i.v. into each of the animals of day 
27-30. A 2nd group of animals received on the same days 
500 ug of MAb BW 431/26 in place of the bispecific MAb, 5 
and the EDTA-Y90 injections as described above. 

A third tumor-carrying group received injections of PBS 
(as tumor-growth control) in place of the MAb and EDTA- 
Y90. Tumor growth was followed for 6 weeks. Injection of 
EDTA-Y90 resulted in significant inhibition of tumor 10 
growth in the group which received the bispecific monova- 
lent MAb, whereas the animals injected with MAb BW 
431/26 and treated with EDTA-Y90 showed no inhibition of 
tumor growth, compared with animals which received only 
PBS. 15 

These data indicate the selective tumor-therapeutic effi- 
cacy of the bispecific monovalent MAb in combination with 
EDTA-Y90 as toxic principle. 

Even more favorable tumor-therapeutic effects are 20 
obtained by the oligovalent/bispecific or oligospecific recep- 
tors because they remain longer on the tumor, because of the 
bivalent binding to TAA, and thus the ligand is likewise 
retained on the tumor for longer and in higher concentra- 
tions. ^ 

EXAMPLE 5 

Optimization of the biological effectivity of bi- or oli- 
gospecific macromolecules by increasing the avidity of the 3Q 
anti-chelate arm 

A crucial factor which influences the efficient attachment 
of the hydrophilic chelate undergoing extracellular distribu- 
tion to the anti-chelate arm of the oligospecific macromol- 
ecule is the avidity of this arm for the chelate. The avidities 35 
of monoclonal antibodies for their corresponding epitopes 
arc in the range lOMO^mol. Since these binding strengths 
are possibly insufficient to localize on the tumor the mass of 
chelate necessary for efficient radioimmunotherapy, in the 
following example the extremely strong interaction of the 40 
fos-leucine-zipper peptide (fos-peptide) with the jun-leu- 
cine-zipper peptide (jun-peptide) (Erin K. O'Shera et al., 
Science, 245, 1989) was used to trnrnobilize the chelate as 
firmly as possible on the anti-chelate arm. It is necessary, in 
order to be able to utilize this strong fos-jun interaction, 45 
preferably to link the fos-peptide covalently to the chelate 
(DTPA). It is possible for this purpose to react in a first step 
isothiocyanatobenzyl-DTPA with hydrazine (or adiaminoal- 
kane). The DTPA-benzylthiocarbazide produced in this way 
can be reacted, in a 2nd step, with N-(gamma-maleimidobu- 50 
tyryloxy)succinimide or an analog to give DTPA-benzyl- 
(ganima-maleimidobutyryl)thiocarbazide. Then, in a 3rd 
step, this compound is linked to the fos-peptide which has 
been extended by glycine-glycine-cysteine (FIG. 1) via the 
free SH group of the ammo-terminal cysteine. The fos- 55 
peptide-DTPA conjugate produced in this way is complexcd 
in a 4th step with yttrium chloride. The fos-peptide-DTPA-Y 
conjugate complex produced in this way can then be used for 
in vivo addition onto the jun-peptide arm of the bi- or 
oligospecific macromolecule. The synthesis of the example 
outlined above is described in detail hereinafter. 

A) Preparation of the fos-EDTA-Y conjugate complex 
Step 1: 

Synthesis of EDTA-benzylthiocarbazide 

Isothiocyanatobenzyl-EDTA (SCN-Bn-EDTA) (30 mg, 65 
54 uxnol) was stirred in 10% (v/v) aqueous hydrazine for I 
h. The solvent was then removed under high vacuum, and 
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the residue was dried over phosphorus pentoxide under high 
vacuum and finally freeze-dried. The product was neutral- 
ized with DOWEX WX 2 (rT form) and again freeze-dried 
(yield 28 mg). 
Step 2: 

Synthesis of Er>TA-benzyl(garruna-maIeirnidobutyryl)thio- 
carbr^ide 

The EDTA-benzylthiocarbazide prepared in step 1 (20 
mg; 34 umol) and N-(garnma-maleirnidobutyryloxy)succin- 
imide (8 mg, 29 umol=0.9 equiv.) were stirred in anhydrous 
dimethyl formamide for 1 h. The mixture was then evapo- 
rated to dryness, and the residue was dried under high 
vacuum. 
Step 3: 

Coupling of the EDTA-benzyl(gamma-maleimidobu- 
tyryl)thiocarbazide to the aimno-tenninal cysteine in the 
fos-peptide 

A solution of the fos-peptide (4.8 mg, 1 umol) (see step 
3.1) in phosphate-buffered saline (2 ml) was mixed with a 
suspension of the product mixture obtained as in step 2 (4 
mg) in dimethylformamide (400 ul) and incubated at room 
temperature for 1 h. The reaction mixture was then subjected 
to gel filtration on a Sephadex G15 column in phosphate- 
buffered saline. The protein-containing eluate was collected 
and preserved at -30° C. (yield 4.2 mg). 
Step 3.1: 

Amino acid sequence of the fos-peptide (I I) with N-terminal 
GGC extension. 

Ac-CGGyLTDTLQAETDQLEDKKSALQTE- 
IANLLKEKEKLEFlLAAYy The letters represent the fol- 
lowing amino acids: A=alanine, C=cysteine, D=aspartic 
acid, E=glutamic acid, G=glycine, I=isoleucine, &4ysine, 
L=leucine, M=methionine, N=asparagine, Q^utamine, 
R==arginine, S=serine, T=threonine, V=valine, Y=tyrosine. 

The oligopeptide was synthesized using an automatic 
peptide synthesizer (Applied Biosystems Model 430A) by 
the Merrifield solid-phase method (Stewart and Young, 
Solid Phase Synthesis, Pierce Chemical Company, 2nd 
edition, Rockford HI.) with the tert-buryloxycarbonyl pro- 
tective group. The oligopeptides were cleaved off the phe- 
nylacetamidomethyl-polystyrcnc support. After elimination 
of the protective groups (Tom et al., 1983, J. Am. Cherru 
Soc. 105, 6442-6455) the oligopeptides were purified by 
reversed phase chromatography (PepRPC column, Pharma- 
cia) as described by Rivier et al. (J. Chromatography 288, 
303-328, 1984). 
Step 4: 

Preparation of a fos-peptide-EDTA-yttrium chelate with a 
fos-peptide-EDTA conjugate prepared as in step 3 

Tne fos-peptide-EDTA conjugate prepared as in step 3 
(4.2 mg) was dialysed against isotonic saline/0. 1M sodium 
citrate, pH 7.0, in a dialysis tube with an exclusion limit of 
m.w. 1,000 (Spectrum), and was mixed with 6 mg of yttrium 
chloride which were dissolved in 3 ml of isotonic saline/ 
0.1M sodium citrate, pH 7.0. After 1 h, back-dialysis against 
phosphate-buffered saline was carried out, and the chelate 
solution was preserved at -30° C. The fos-peptide-EDTA- 
Yttrium chelate described in the above example is then used 
as ligand in order to bind with high avidity to the jun-peptide 
arm of the bi- or oligospecific macromolecule. The con- 
struction of a bispecific macromolecule particularly suitable 
for this interaction is described in the following example. 

B) Construction of the MAb-jun fusion molecule 

The techniques used here were taken, unless otherwise 
indicated, from Maniatis et al. (Laboratory Manual EMBL 
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(1982), Heidelberg), and Sambrook (Molecular Cloning: A 
Laboratory Manual). 
Step 1: 

A human IgG3 C gene was isolated from a human gene 
bank in EMBL 3 phages (A. M. Frischauf ct al., J. Mol. Biol. 5 
170, 827-842, 1983 and G. H. A. Seemann et al., The 
EMBO Journal 5, 547-552, 1986). A construction (D) which 
contains only the CHI exon and the first hinge exon of the 
IgG3 C gene (FIG. 14) was prepared Prom this IgG3 C gene 
as described in German Patent Application P 3825615.0. 10 

A human HLA B27k gene was isolated from the same 
gene bank as likewise described in German Patent Applica- 
tion P 3825615.0. A construct (E) which contains only the 
C3 exon and the 3 f NT region of the HLAB27k gene (FIG. 
15) was prepared from this HLAB27k gene. 15 
Step 2: 

The CI exon and the 3' NT region of the HLAB27k gene 
were cut out of the plasmid E with Xbal, and the fragment 
was isolated and cloned into the Xbal cleavage site of the 
construct D. Restriction analysis and nucleic acid sequence 20 
analysis were used to identify the clone F which contains the 
C3 exon and the 3* NT region of the BLAB27k gene in the 
correct 5'-3* orientation 3' from the IgG3 C gene fragment 
(FIG. 16). 

Step 3: 25 

The insert of the clone F is cut out of the plasmid using 
the endonucleases HindlU and EcoRI and cloned between 
the Hindm and EcoRI cleavage sites of an M13mpl8 
double-stranded (DS) phage. The phage clone G which 
contains the anttbody/HLA fusion gene fragment is isolated 30 
(FIG. 17). 
Step 4: 

Uracil single strands are prepared from the phage clone G 
by the method of T. A. Kunkel, 1985, Proc. Natl. Acad. 
Science, U.S.A., 82, 488-492. The single-stranded phages 35 
were hybridized with the mutagenic oligonucleotides 1 and 
2 (Tab. 6), and the gaps between the oligonucleotides were 
closed with Klenow DNA polymerase and T4 ligase. After 
transformation into E. coli, restriction analysis and nucleic 
acid sequence analysis were used to identify a phage clone 40 
(G) in which tlie S&I restriction cleavage site at the 5' end 
of the hinge exon had been deleted. At the same time, a SstI 
and a SphI restriction cleavage site were introduced at the 3* 
end of the hinge exon (FIG. 18). To delete the SstI cleavage 
site, the third base of the 2nd codon of the hinge exon was 45 
converted from C into G, and to introduce the SstI and SphI 
cleavage sites, the bases 5'GAGCTCGGGGCA3' were 
introduced between the 15th and 16th codon of the hinge 
exon (Tab. 7). 

Step 5: so 

Double-stranded DNA of the phage clone G' is cleaved 
completely with SphI and partially with SstI. The synthetic 
oligonucleotides Jun I and Jun II (Tab. 8) are combined to 
give a double-stranded DNA fragment which contains at 
each of its ends a cut SphI and SstI restriction cleavage site 55 
and codes for a peptide which contains the Jun leucine 
zipper (O'Shcp ct al., Science, 245, 646-648, 1989). 

The double-suanded DNA fragment is cloned into the S stl 
and SphI restriction cleavage sites of the F phage clone, and 
the phage clone H which contains a gene construct in which GO 
the sequence for the Jun zipper peptide is inserted in the 
hinge exon is identified (FIG. 19). 
Step 6: 

The insert of the DS phage H was cut out with the 
restriction endonucleases HindHI and EcoRI, the ends were 65 
filled in with T4 polymerase and cloned into an Smal- 
clceved KsF vector (Stratagene, 11099 North Torrey Pines 



Road, La JoDa Calif. 92037). Plasmid clone I which contains 
the antibody/Jun/HLA fusion gene in the orientation (FIG. 
20) in which it is flanked on both sides by a BamHI cleavage 
site was identified. 
Step 7: 

The antibody/Jun/HLA fusion gene was cut out of the KS 
clone I with BamHI and cloned into the expression plasmid 
pABStop (Behringwerke AG) which contains a specific 
functional immunoglobulin V gene. The specific V gene was 
obtained as described in Patent Application P 3909799.4. 
The expression plasmid K which contains the antibody/Jun/ 
HLA fusion gene construct in the correct orientation down- 
stream of the V H gene was identified (HG. 21). 

Cotransformation of the plasmid K with a plasmid which 
contains the gene for the light chain of the specific MAb, and 
a plasmid which carries a resistance gene, leads to expres- 
sion of a specific antibody F(ab') 2 fragment which contains 
in the hinge region two Jun zipper peptides, with the Jun 
zipper peptide being modified in such a way that there is no 
longer any homodimer (Jun/Jun) formation. 

EXAMPLE 6 

Optimization of the amount of bi- or oligospecific 
receptor on the tumor and minimization thereof in 
the blood and normal tissues 

Scientific investigations by others have shown that pen- 
etration of solid tumors by macromolecules >50 kDa takes 
place slowly, and usually only the edge region or a few areas 
in the tumor arc reached These investigations are based on 
experiments which comprise a single injection of small 
amounts of macromolecules. In contrast thereto, we have 
found that substantial penetration of the entire tumor mass in 
nude mouse xenografts is possible by a repetitive i.v. injec- 
tion of large amounts of bi- or oligospecific receptors 
(10x250 ug receptor/mouse for 10 days). Furthermore, 
because of their specific binding to TAA, the bi- or oligospe- 
cific receptors remain attached for long periods (>20 days) 
in large amounts on the tumor cell membrane and in the 
tumor iaterstitium. These results were obtained using the 
indirect alkaline phosphatase technique on cryopreserved 
thin sections of human colonic and pancreatic tumor 
xenografts. 

During this time (after only 10 days) the bi- or oligospe- 
cific receptor molecules had already been eliminated from 
the TAA-negative normal tissues and the blood by degra- 
dation and excretion. In order to shorten this elimination 
period, an anti-idiotype MAb (anti Id) which reacts only 
with the anti-TAA arm of unbound bi- or oligospecific 
receptor molecules was injected i.v. (1x50 ug of anti Id) 24 
hours after completion of the ten injections of bi- or oli- 
gospecific receptors. This single injection speeded up the 
elimination of the unbound bi- or oligospecific receptor 
molecules from the blood and increased the metabolism rate 
in liver and spleen. 

It is possible on the basis of this manipulation to inject the 
chelate (EDTA-Y90) only 4 days after completion of the 
phase of penetration and binding of the bi- or oligospecific 
receptor. The following treatment regimen (for nude mice) is 
derived from these investigations 

a) day 1-10, i.v. injection of 1x250 ug of bi- or oligospe- 
cific receptor each time 

b) day 11, i.v. injection of 1x50 ug of anti Id 

c) day 14, i.v. injection of a therapeutic dose of EDTA- 
Y90. 
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On the basis of comparative immunoscintigraphic data in 
nude mice and tumor patients, this regimen ought to be 
suitable for tumor therapy in humans too. However, the 
amounts to be injected in the human system are in a different 
range of magnitude. 10x5-10 g of bispecific receptor, lxl g 5 
of anti Id. Injection of the anti Id is not indispensable for 
therapy. 
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Annex la 

Quantitative inhibition ELISA for M Abs by DTPA or EDTA 
complexes 

Material: divisible 96-welI polystyrene microtiter plates 
(U shape) type B, from Nunc, No. 4-60445 

1) 50 ul of Y-benzyl-DTPA-HSA 19 conjugate with a ™ 
concentration of 1 ug of conjugate per ml of PBS, pH 
7.2, are pipetted into each well and incubated at room 
temperature (RT) overnight. 

2) The supernatant is removed by aspiration and washed 
3xwith 0.05M tris citrate buffer, pH 7.4, (wash solution 20 
1); (lxwash=introduce 250 ul of wash solution per 
well, leave to stand for 2 min and remove by aspira- 
tion). 

3) If the microtiter plate is not required immediately, it is ^ 
left to stand (with the opening underneath) on cellulose 
at RT overnight. The plate is then sealed in films with 
drying cartridges (from Gaplast, Postfach 529, 8100 
Gannisch-Partenkirchen). The plates can be kept at +4° 
C. for at least 8 weeks under these conditions. 

4) 250 pi of blocking solution are applied to each well and 
incubated at 37° C for 30 min. 

5) Preincubation of the diluted hybridoma supernatant 
with the competitor is carried out during the blocking 
(see Annex lb). 35 

6) 50 ul of the appropriately prediluted and preincubated 
hybridoma supematants to be tested are applied to each 
well and incubated at RT for 30 min. 

7) Washing 3xwith wash solution 2 is subsequently car- 
ried out 

8) Subsequently 50 ul of goat anti-mouse IgG, antibodies 
which are labeled with alkaline phosphatase and have 
been diluted 1:500 in blocking solution are applied to 
each well and incubated at RT for 30 min. 

9) Then washing 3xwith wash solution for Enzygnost is 
carried out. 

10) Subsequently 50 ul of 0.1 mMNADP are added. 

1 1) Incubation at RT is then carried out for 30 min. 

12) During the incubation with NADP, the amplification 50 
system is made up as follows: per plate 2 parts of INT 
and 1 part of PBS, pH 7.2, are mixed and 1 part of 
diaphorase and 1 part of ADH are pipetted in. 

13) 50 ul of this system are placed in each well. 55 

14) When there is a distinct change in color from trans- 
parent to red the reaction is stopped with 100 ul of a 
0.1N H 2 S0 4 solution per well. 

15) The extinctions are measured at 492 nm in a TITER- 
TEK® MULHSCAN. 50 ul of NADP with 50 ul of 60 
solution and 1200 ul of 0.1N H 2 S0 4 are employed as 
blank. 



NADP — Sigma order No. N-0505 
INT — Sigma order No. 1-8377 
ADH— Sigma order No. A-3263 
DIAPHORASE — Sigma order No. D-2381 



Wash solution 2 — Behring, order No. OSEW96 contains 

Tween/PBS 
Blocking solution: 

PBS, pH 7.2, is made 3% strength in casein by adding 
casein and stirring for 30 minutes, and is adjusted to pH 7.4. 
Particles are then removed by centrifugation at 4,000 rpm 
for Iff. 

Diluted goat anti-mouse IgG, antibodies labeled with 
alkaline phosphatase (from Southern Biotechnology Asso- 
10 ciatcs. Cat. No. 1080-04). 
Preparation of 0.1 mMNADP: 

Dissolve 7.65 mg of NADP in 1 00 ml of 20 mM tris, 0. 1 
mM MgS0 4 , pH 9.5; this solution can be stored at -20° C. 
for several months. 

Preparation of INT (P-IODONTTROTETRAZOLIUM Vio- 
let): 

Dissolve 2.5 mg/ral of 30% ethanol in an ultrasonic bath; 
always make up fresh. 
Preparation of diaphorase: 

1 mg of diaphorase/ml of PBS, pH 7.2, is stored in 
portions at -20° C. 
Preparation of alcohol dehydrogenase: 

0.5 mg of ADH/ml of PBS, pH 7.2, are stored in portions 
at -20° C. 

Annex lb 

Preincubation of the hybridoma supernatant with the com- 
petitor 

The mouse IgG concentration in hybridoma supematants 
can be determined using commercially available quantita- 
tive ELISA systems and is state of the art. 

On the basis of the ELISA concentration determination, 
the hybridoma supematants are diluted to 1.25 ng/ml in PBS 
without Ca*+ and Mg" 4 "*". 
Conversion from gram into mol: 
50,000 g-1 molofMAb 
1.25x10"* g-xmol 
1.25 ug=x=8.33xlO^ mol 

In order to have a 1+1 ratio of MAb and inhibitor, 10 ul 
of inhibitor with a concentration of 8.3 3x1 0" 12 mol/200 ul, 
which is increased by a factor of 5, were added to 50 ul of 
hybridoma supernatant with a concentration of 8.33x1 (T 12 
mol/ml. 

The hybridoma supernatant is incubated with 100,000- 
fold, 50,000-fold, 10,000-fold, 5,000-fold, 1,000-fold and 
100-fold excess of competitor at RT for 30'. 50 ul of this are 
pipetted into the ELISA (see Annex la, no. 6). 

Annex 1c 

Production of the DTPA and EDTA complexes 

The complexing constant of DTPA or EDTA to the metal 
ions depicted in Table I is extremely high so that complete 
saturation has to be expected on equimolar mixing of DTPA 
or EDTA with these metal ions. For this reason, the corre- 
sponding metal ions were incubated in a 3-fold molar excess 
with the DTPA or EDTA. As an example, 170 ul of a 10 mM 
cadmium sulfate solution in double-distilled water (see 
Annex Id) were incubated with 30 ul of a 0.028 molar DTPA 
stock solution in double-distilled water at RT for 5'. Mixing 
10 pi of this competitor solution with the hybridoma super- 
natant leads to a 100,000-fold excess of competitor over the 
MAb contained in the hybridoma supernatant. Lower com- 
65 petitor to MAb ratios were achieved by diluting the com- 
petitor solution in the particular salt ion solution appropri- 
ately for the desired molar excess (see Annex lb). 
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Annex Id Molar excess of competitor which leads to 50% inhibition 

of the binding to the solid-phase antigen. 



Source and relevant physicochemical parameters of the 
metal ions employed 



MAb No. 


DTPA-Y 


DTPA 


DTPA-Mn DTPA-Cd 


DTPA-Zn 


DTPA-Cn 


2050/174 


10 4 


10 3 


10 2 


10 2 




5x 10 3 




5 x 10 3 


2050/531 


5 X 10* 


10 3 


10 2 


10 2 




5x10? 




5 x 10 3 


2050/532 


5x 10* 


10 3 


10 2 


10 2 




5x 10 3 




5x 10 3 


2050/534 


5x10* 


10 3 


10 2 


10* 




5x 10° 




5xl0 3 


2050/535 


10 4 


to 3 


10 2 


10 2 




10 3 




10 3 










Trans - 














1,2-Diamino- 


aconitic 










MAb No. 


DTPA-Pb 


ethane 




acid 










2050/174 


10 3 


no inhi- 




nc inhi- 


10 1 


10 3 10' 










bition 




bilic- 














up to 10 s 




up to llr 










2050/531 


5X10 3 


no inhi- 




no inhi- 


10 3 


10 3 10 3 










bition 




bition 














up to 10 s 




up to 10 s 










2050/532 


5xl0 3 


do inhi- 




no inhi- 


10 1 


10 3 10 3 










bition 




bition 














up to 10 s 




up to 10 s 










2050/534 


5x 10 3 


do inhi- 




no inhi- 


10 1 


10 3 10 2 










bition 




bition 














up to 10 s 




up 10 10 s 










2050/535 


10 3 


no inhi- 




no inhi- 


10 2 


10 2 10 2 










bition 




bition 














up to 10 3 




up to 10 3 










MAb No. 


EDTA-Cd 


EDTA-Zn 


EDTA-Cu 


EDTA-Pb 


2050/174 


1G 3 




10 3 




to 3 




5x 10 3 


2050/531 


10 3 




10 3 




10 2 




10* 




2050/532 


10 3 




10 3 




5x 10 3 




10 5 




2050/534 


10 2 




10 3 




10 3 




5x 10 3 


2050/535 


10? 




10 2 




10 2 




10 2 





TABLE 1 



Peptide linkers with relevant nucleotide sequences 



EPKS CGGEAAPA 
+5'CTCTCTGCAGAGCCCAAATCTTGTGGCGGCGAGGCAGCTCCCGCAG 
-3GAGAGACGTCTCGGGTTTAGAACACCGCCGCTCCGTCGAGGGCGTC 

A A P AAAAAGGQVQLQES 
CTGCACCCGCAGCAGCCGCAGCAGGCGGGCAGGTCCAACTGCAGGAGAGC 3' 
GACGTGGGCGTCGTCGGCGTCGTCCGCCCGTCCAGGTTGACGTCCTCTCG5' 

+ = coding strand 

— = complementary strand 



10 millimolar solutions of the following metal ions were 
prepared in double-distilled water: 50 



Manganese chloride 


MW 161.88 


Mn ion radious: 80 pm 


from Merck 


No. 5934 




Cadmium sulfate 


MW 256.5 


Cd ion radious: 97 pm 


Ricdel de Hacr 


No. 31145 




Zinc chloride 


MW 136.28 


Zn ion radios: 74 pm 


from Merck 


No. 8816 




Copper sulfate 


MW 159.61 


Cu ion radius: 96 pm 


from Ricdel dc Haen 


No. 31294 




Yttrium chloride 


MW 303.36 


Y ion radius: 92 pin 


from Aldrich 


No. 20,491-9 




Lead(II) nitraic 


MW 331.20 


Fb ion radius: 120 pm 


from Ricdci dc Haen 


No. 31137 



TABLE 6 



Mutagenic oligonucleotides: 



55 



60 



1) 5'CTTACCTGGG.CATGCCCCGA.GCTCOCGTGG.GCATG^3 , 

2) 5AGTGGGGTTT.TCAGCTCTGCAGAG3' 



TABLE 7 



Mutated hinge exon: 



Annex le 

Quantitative assay of inhibition of MAb by DTPA and 
EDTA 



E\/L\/K\ /T\/P\/L\ /G\/D\/TVT\/H\/T\/C 
AGAGCTCAAA.ACCCCACTTG.GTGACACAAC.TCACACATGC 



65 



5,591,828 



15 

TABLE 7-continued 



Mutated hinge exon: 



AAAA 

CCA CGG TGC CCAGGT 

G AGCTC GGG GC A 
Sstl Sphl 



TABLE 8 



Jun I oligonucleotide 



5*CT ACG CT CGG .CT AG AGG A AA. A AGTG AA A AC . 
CTTGAAAGCG.CAAAACTCCG.AGCTGGCATC. 
CACGGCCAAC.ATGCTCAGGGAACAGGTGGC. 
ACAGCTTAAG.CAGAAAGTCA.TGAACCACCG. 
ACCTGCATB3*. 

Jun II oligonucleotide 

5*C AGGTCGGTaGTTC ATGACT .TTCTGCTT AA. 
GCTGTGCCAC.CTGTTCCCTG.AGCATGTTGG. 
CCGT GGATGC.C AGCTCGG AG.TTTTGCGCTT . 
TCAAGGTTTT.CACTTTTTCC.TCTAGCCGAG. 
CGATGAGCT3'. 



DTPA 



10 



15 



20 



25 



30 



N N N 

OH 



Formula 1 



35 



Isothiocyanaiobcnzyl-DTPA 




Formula 2 



40 



N N 



(Xo^o 0 X 0 jX ^X 
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We claim: 

1. A bispecific or oligospecific mono- or oligovalent 
receptor produced by gene manipulation comprising: 

a) a VH and a CHI region of a first antibody having an 
antigen binding specificity; 

b) a VH and a CHI region of a second antibody having an 
antigen binding specificity, wherein the antigen binding 
specificity of said first antibody is different from the 
antigen binding specificity of said second antibody; and 

c) a polypeptide spacer that links the CHI region of said 
first antibody to the VH region of said second antibody 
without impeding association with light chains of said 
antibodies or antigen binding. 

2. A receptor as claimed in claim 1, wherein said receptor 
further comprises light chains of said first and said second 
antibodies. 

3. A diagnostic composition comprising a receptor as 
claimed in claim 2. 

4. A receptor as claimed in claim 2, wherein said first 
antibody binds to animal or human tumor-associated anti- 
gens. 

5. A receptor as claimed in claim 2, wherein said receptor 
has catalytic or enzymatic activity. 

6. A receptor as claimed in claim 2, wherein said first 
antibody binds to animal or human tumor-associated anti- 
gens and said second antibody binds to a chelate. 

7. A receptor as claimed in claim 2, wherein a variable 
region of said first antibody comprises an amino acid 
sequence of V H or V K selected from the group consisting of 
an amino acid sequence of V H or V* of FIG. 22, FIG. 23, 
FIG. 24, and FIG. 25. 

8. A receptor as claimed in claim 4, wherein a variable 
region of said first antibody comprises an amino acid 
sequence of V„ or V K selected from the group consisting of 
an amino acid sequence of V H or V K of FIG. 22, FIG. 23, 
FIG. 24, and FIG. 25. 

9. A receptor as claimed in claim 5, wherein a variable 
region of said first antibody comprises an amino acid 
sequence of \ H or V^ selected from the group consisting of 
an amino acid sequence of W H or V^ of FIG. 22, FIG. 23, 
FIG. 24, and FIG. 25. 

10. A receptor as claimed in claim 6, wherein a variable 
region of said first antibody comprises an amino acid 
sequence of W H or V^ selected from the group consisting of 
an amino acid sequence of V„ or V^ of FIG. 22, FIG. 23, 
FIG. 24, and FIG. 25. 
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The use of immunoconjugates in cancer therapy 
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Department of Microbiology and Cancer Immunobiology Center. 
University of Texas Southwestern Medical Center, 6000 Harry Hints. Dallas. Texas 75235. 

Those Immunoconjugates that have entered clinical trials (i.e., Im- 
munotoxins, radiolabeled and blspecific antibodies) have shown 
promising antitumour activity in haematopoietic tumours (lym- 
phomas/leukaemias). To eliminate large solid tumours, immuno- 
conjugates will require changes in both the antibody and effector 
moieties since these tumours are poorly vascularised and rarely 
express tumour-specific antigens. This review describes improve- 
ments which may have a major Impact on the next generation of 
Immunoconjugates. 

Exp> Opin. Invest Drugs (1996) S(3):309-32l 



Introduction 

Immunoconjugates OO are cell-targeting molecules, 
such as monoclonal antibodies, cytokines or soluble 
receptors that have been genetically or biochemically 
coupled to cytotoxic moieties, such as toxins (or their 
subunits), radioisotopes, drugs, enzymes which can 
activate prodrugs, or effector cell recruiting structures. 
From the multitude of ICs with in vino and in vivo 
antitumour activity, three types have entered clinical 
trials in humans: immunotoxins (ITs), radiolabelled 
antibodies, and bispecific antibodies (BsAbs). 

ICs for the Therapy of Haematologic 
Malignancies 

The ICs used to date in Phase I clinical trials have been 
directed against either haematopoietic tumours, such 
as lymphomas/leukaemias, or solid tumours, such as 
melanomas and colorectal or ovarian carcinomas (Ta- 
ble 1) [1-38]. The results of early clinical trials have 
suggested that solid tumours are less suitable targets 
for the present generation of ICs than lymphomas or 



leukaemias. This conclusion is also supported by the 
results of numerous studies in iC-treated nude or SCID 
mice xenografted with human tumours (Table IX 
Results of clinical trials have also indicated that the 
immunogeniciry of ICs is not a major obstacle in 
immunosuppressed lymphoma patients and that a 
significant number of patients can be treated with 
several courses of therapy before they generate anti- 
bodies [39]. To date, the antitumour activity of [ 131 I]- 
MAbs is greater than chat of MAb-toxins QTs) in 
lymphoma patients with large tumour burdens [4&42L 
The difference between the therapeutic effect of ITs 
and radiolabelled [ 131 fl-MAbs is undoubtedly related 
to their mechanisms of action and the types of tumours 
which are most amenable to treatment Hence, 
MAbs have excellent antitumour* activity in large tu- 
mours since high levels of radioactivity are 
concentrated in the tumour mass; bystander tumour 
cells which may lack the targeting antigen are also 
killed (43)- In addition, patients likely to respond to 
[ 131 I]-MAbs can be identified based on preliminary 
radioimaging studies using small amounts of the [ 131 I]~ 
MAbs [441 



Abbreviations 

BsAb: Blspecific antibody; DT: Diphtheria toxin; FN: Fibronectin; HUVEC: Human umbilical vein cells; 
IC: Immunoconjugate; IT: Immunotoxln; MAb: Monoclonal antibody; MTD; Maximum tolerated dose; 
PAP: Pokeweed antiviral protein; PE: Pseudomonas exotorin; PEG: Polyethylene glycol; 
SEA: Staphylococcal enterotoxin A; VLS: Vascular leak syndrome. 
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Unlike [ 131 U-MAbs, ITs work best to kill small numbers 
of tumour cells in the setting of minimal disease. ITs 
are highly potent but they must bind to every cell 
which they kill; there is no significant bystander effect 
Results of Phase I and II clinical trials with ITs suggest 
that they should be most successful in an adjuvant 
setting for treating minimal disease [45], Indeed, radio- 
labelled MAbs administered to patients with bulky 
disease followed by ITs to treat minimal residual 
disease might be the best way to use these modalities. 
The efficacy of ITs might be further improved by 
combining ITs containing antibodies with different 
specificities. Indeed, 'cocktails' of ITs have excellent 
anci tumour activity in SCID mice with human lym- 
phomas [2,46,47] and are curative in combination with 
chemotherapy [8,12,15,46,48], It remains to be deter- 
mined whether similar results will be achieved in 
patients with primary tumours, 

ICs for the Therapy of Solid Tumours 

Although ITs may work well on small numbers of 
metastatic cells from solid tumours, ICs with the ability 
to eliminate larger solid tumours will require changes 
in both the antibody and the toxic moieties since large 
solid tumours are not well vascularised and rarely 
express tumour specific antigens. ICs presently under 
development are cuirendy being tested in animal 
models and early results suggest that they might be 
more effective in treating solid tumours. 

The Antibody Moiety 

It would be desirable to treat large solid tumours with 
multiple courses of therapy. The main obstacle for the 
repeated administration of ICs is related to both the 
rodent origin of the antibody and its size [49]. The 
development of an antibody response against the 
murine MAb may lead to the rapid neutralisation of the 
IC and. infrequently, harmful allergic reactions. Hu- 
manised mouse antibodies have lower immunogenic- 
ity and a higher residence time; these features might 
be useful for constructing improved radiolabeled 
MAbs to treat both lymphoma and solid tumours [50). 
The use of humanised antibodies to construct ITs is 
less attractive since the current generation of plant and 
bacterial toxins will remain immunogenic and will 
have shorter half-lives in vivo. 

Size 

Decreasing the size of the antibody might facilitate 
tumour penetration. In this regard, antibody moieties 
(150 kDa) have been reduced to 25 kDa by using Fv 
fragments obtained by genetic engineering 151]. How- 



ever, by removing the Fc portion one also removes the 
site necessary for persistence of the IT in the circulation 
[52). Consequently, antibody fragments devoid of their 
Fc portion have a short half-life and are rapidly 
eliminated from the circulation [50]. Thus, the benefit 
of smaller MAbs would be lost unless continuous 
infusion regimens were used. To prolong the persist- 
ence of bolus doses of ITs in the circulation, additional 
structural changes could be made to protect the IT 
from rapid clearance. Attempts to attach polyethylene 
glycol (PEG) residues to antibody fragments (or to the 
toxin moiety) have resulted in longer half-lives and 
enhanced accumulation of antibodies in the tumours 
of nude mice (531. Another approach has been to splice 
a CHz domain into Its constructed with an Fab frag- 
ment of antibody. These ITs have a longer residence 
time even though their half-life is shorter than that of 
an IT prepared with an intact antibody [54]. Attaching 
the amino acid residues from the CH2CH3 domain 
interface might therefore be a better solution for 
constructing smaller ITs with longer half-lives [551. A 
longer half-life is necessary since the penetration of 
solid tumours requires several days and half-lives 
shorter than this might represent an obstacle for effec- 
tive therapy [56). 

Affinity 

It has been suggested that the uptake and penetration 
of antibody into solid tumours might be improved by 
using MAbs of higher affinity/avidity [57]. Arguing 
against this, however, is the finding that tumour pene- 
tration may in fact be reduced when using antibodies 
of higher affinity [58]. Nevertheless, the most important 
parameters for any antibody-based IC are its concen- 
tration and rate of association with its cell-associated 
antigen [591. A slow association rate may be a draw- 
back in clinical trials if the half-life of association with 
the tumour cells is shorter than the half-life of removal 
of the IT from the circulation, 

Internalisatlon 

Antibodies which react with high density cell surface 
antigens that are rapidly internalised to 'the optimal 
intracellular compartment would make effective ITs 
and drug conjugates. Less effective intemalisation 
would be more desirable for radiolabeled ICs or for 
those ICs requiring the conversion of prodrugs or the 
binding of effector.cells. It should be noted that, in the 
case of ITs, potency is highly dependent upon intra- 
cellular routing rather than the number of internalised 
molecules per se [60]. Thus, the kinetics of cellular 
routing of several ITs correlated with the kinetics of 
protein synthesis inhibition indicating that the concen- 
tration of the intracellular IT depends not only on the 
amount of fT internalised, but also on its rate of 
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Table 1: Therapeutic effect of ITs in boch tumour-bearing SClD/pttde mice and patients. 



Immunotoxta* 



Toxin 



Disease 



Therapeutic effect 



PR(*) 



Mice 



Humans 



CR(%) 



Mice 



Humans 



Antibody 
response* 



JUT. 



RFB4 

HD37 

B4 

B^*3 

RFT5 

Ber-H2 
B3 

OVB3 

XomaZymc-791 
XoroaZymc-MEL 



and-CD22 
anti-CD19 
anti-CD19 
and -CD 1 9 
and-CD25 

anti-CD30 

anti-Le y 

anti-OVB3 

anti-gp 72 

anu-MAA 



dgRTA 

dgRTA 

bR 

PAP 

dgRTA 

SAP 

PE 38/40 

PE 

RTA 

RTA * 



B-lymphoma 

B-lymphoroa 

B-lymphoma 

B-leukacmia 

Hodgkin's 
lymphoma 

HodgkhVs 
lymphoma 

Ovarian 
carcinoma 

Ovarian 
carcinoma 

Colorectal 
and ovarian 
carcinoma 

Melanoma 



100 
100 
100 

7 

0 

0 
0 

100 
100 

100 



25 
3 

29 
6 



43 
6 
0 
12 

U 



0 

0 

0 

65 

95 

80 

100 

0 

0 



2 
3 

13 
24 
8 

0 

0 

0 

0 



59/19 

33/10 

68/34 

17/NR 

167NR 

16/NR 

32/28 

23/23 

17/16 

65/60 



Cl-5] 
[2.3,6] 

run 

[12-15] 
[16-19] 

[20,211 

[22-25] 

[26-29] 

[30,32] 

[33.38] 



Sc^Som^f otary^S and^onfpAP^Pokcweek andviral protein; PE: Pseudomonas exotoxin; RTA: Ricin A chain; 

£££ IS^ponsc. Id mice this was considered 10 be any extension of survival rime which was ligriMy different* ^wpm^n 
^'^S^i^Compicfc response. In mice this is mmour-free survival for up to one year. All tumours m mice were early 
tumours except CD30+ Hodgkin lymphoma where it induced a PR in 30% of the animals with late tumour. 

c Total numb£ of padenw «*ated over numb* of padents with an immune response to either the antibody or (he toxin moiety of H. 
NR: Not reported. _ 



intracellular degradation. This rate, in turn, depends 
upon both the rate of translocation of the toxin from 
the Golgi to the cytosol and on the rate of inactivation 
of the substrate by the toxin [6l). The importance of 
epitope recognition by the antibody on the potency of 
an IT has also been pointed out by the fact that ITs 
containing antibody which recognise epitopes proxi- 
mal to the plasma membrane often make more effec- 
tive ITs than those directed against epitopes more 
distal to the plasma membrane; the latter are probably 
routed to lysosome [62]. 



Targeting 

In the case of solid tumours, antibodies could also be 
targeted to antigens present on the endothelial cells of 
the vasculature within the tumour. Vascular endothe- 
lial cells are directly accessible to the blood and are 
therefore easily reached by ITs, The ITs could destroy 
(or infarct) the vasculature of solid tumours, thereby 
depriving tumour cells of a blood supply. This ap- 
proach also has a built-in amplification mechanism 



since thousands of tumour cells rely on each capillary 
for nutrients and oxygen. Hence, even incomplete 
damage to the vasculature should result in massive 
tumour destruction. These ITs need not penetrate the 
tumour mass or be in physical contact with the tumour 
cells to exert their tumouricidal effect, A model system 
in mice was developed using a IFNY-transfected 
neuroblastoma cell line which induced expression of 
an activation antigen in the endothelial cells of the 
tumour vessels but not the normal endothelial cells 
elsewhere (63,641. Treatment of the rumours with an 
IT directed against this antigen resulted in marked 
tumour regressions following haemorrhagic necrosis 
[64]. The search for antibodies which react with human 
endothelial cells in neoplastic but not normal tissues 
is underway [651- The effector molecule of such ITs 
can be the ricin A chain or human coagulation-initiat- 
ing proteins which trigger the coagulation cascade and 
Induce thrombosis of the tumour vasculature resulting 
in massive tumour cell killing [661. Human tissue 
factors also have the advantage of not being immuno- 
genic. 
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The Toxin Moiety 

The toxins which have been used to construct Its for 
clinical trials (e.g., Pseudomonas exotoxin (PE), ricin, 
pokeweed antiviral protein (PAP), saporin and diph- 
theria toxin (DT)) are probably no more or less 
effective than those awaiting clinical testing (gelonin, 
abrin, mormodin, mitogiUine, etc.) but this remains to 
be determined (Table 2). IT-bound toxins used in 
clinical trials have three features in common: 

• the ability to kill targeted cells after internaUsation; 

• immunogenicicy; and 

• some normal cell damage, usually resulting in vas- 
cular leak syndrome (VLS) and/or liver damage. 

Plant toxins 

To improve cytotoxic activity and to decrease non-spe- 
cific toxicity and immunogenicity, toxins have been 
modified to delete those portions responsible for non- 
specific toxicity and immunogenicity. In the case of 
plant toxins, size has been decreased by eliminating 
the subunit responsible for non-specific binding (e.g., 
the B chain of ricin or abrin) or by using toxins which 
are normally synthesised as single chains (e.g., PAP, 
saporin). Unfortunately, since the translocation site of 
ricin appears to reside in the cell-binding B chain [67] 
when ricin A-chain is used to construct ITs the resulting 
constructs do not always have the desired cytotoxicity 
[68], As a result, some investigators have used 'blocked 7 
ricin to construct ITs with better cytotoxic activity 
despite their larger size (60 kDa vs. 30 kDa) and 
unwanted non-specific toxicity and immunogenicity 
(due to B chain) [691. The size of single chain plant 
toxins cannot be further decreased by removing the 
nonessential portions since the toxic site is conforma- 
tional and involves amino acid residues scattered over 
a long stretch of the polypeptide chain [70), Unfortu- 
nately, these modified toxins still contain portions 
responsible for unwanted side-effects, like VLS. 

To facilitate the translocation of ITs, the DNA encoding 
a viral peptide of 25 amino acids residues has been 
spliced to the DNA encoding ricin A chain [71). The 
resulting expressed construct was 10-fold less toxic as 
a free A chain to leukaemic cells than its unmodified 
counterpart, but showed 10 - 20 times greater cell-kill- 
ing when targeted to transferrin receptors. These re- 
sults clearly demonstrated that the specific cytotoxic 
efficacy (therapeutic window) of TTs containing ricin 
A chain could be increased by > 100-fold [71]- Whether 
such constructs will be safe, exhibit reduced toxicity 



and/or have greater efficacy in humans, remains to be 
determined 

A different approach for increasing the cytotoxicity of 
ITs is to increase the toxin/antibody ratio by linking 
the antibody to more than one molecule of toxin [72], 
In an experiment utilising anti-CD22 antibody conju- 
gated to one or two molecules of deglycosylated ricin 
A chain, non-specific toxicity (LDjo) remained the 
same but the specific cytotoxicity in vitro and the 
antitumour activity in vivo were greatly improved 
[72,731. 

These results have been confirmed using several ITs 
with different specificities, indicating that increasing 
the toxin/antibody ratio might, in some cases, improve 
the cytotoxic activity of certain ITs without increasing 
their non-specific toxicity [74,75). 



Bacterial toxins 

The molecular mass of bacterial toxins (i.e., PE) has 
been decreased by deleting the cell binding site do- 
main, but the remainder of the molecule cannot be 
modified since it contains both the toxic domain and 
> 100 amino acid residues of the translocation domain 
(which allows the toxin to reach the cytosol of targeted 
cells) [24]. The smallest active fragment of PE has a 
molecular mass of 35 kDa vs. 66 kDa (the molecular 
mass of the intact PE) and can be considered an 
analogue of ricin A-chain (molecular mass 30 kDa) 
containing a free SH group in its C -terminal portion 
176). 

To increase the cytoplasmic delivery of ITs containing 
PE, an endoplasmic reticulum-retention sequence 
(KDEL) was genetically engineered into the molecule 
[241. The cytotoxic activity of ITs containing KDEL- 
truncated-PE (PE38 or PE40) is increased both in virro 
and in SCID mice xenografted with various human 
tumours (771, The addition of a KDEL peptide sequence 
to the A-chain of ricin toxin results in increased 
cytotoxicity when the mutant A-chain is reassociated 
with its native R*chain [78], but not when ITs are 
prepared with this mutant A chain ([79]; Lark and 
Vkena, unpublished results). 

Another possibility for enhancing retention and lnter- 
nalisation of ITs is to introduce amphlpathfc peptides 
(such as the tetrapeptide GALA) into either the toxin 
or antibody, since GALA interacts with membrane 
bilayers [80]. Fab fragments containing GALA have 
indeed shown better tumour localisation than the same 
fragments of antibody without GALA [80]. 
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Name of toxin and abbreviation 


Source 


Genes/Species 


Molecular mass 
(kDa) 


Ricin (R), blocked ricin (bR) 


Plant 


Ricinus communis (castor bean) seed* 


65,723 
30 
30 
65 


Ricin A chain (RTA) 


Plant 




Dcglycosylated RTA (dgRTA) 
Abrin 


Plant 
riant 


Abrus precatorius (Jeguirity bean) seeds 


Abrin A chain 

Pokcweed andvixal protein (PAP) 
Saporin (SAP) 


Plant 
Plant 

Plant 


Phytolacca americana (pokewced) leaves 
Saponaria officinalis (soap wort) seeds 


30 
30 
29.5 


Gclonin 
Momoxdin 


Plant 
Plant 


Gdonium muttiflorwn seeds 
Momordica chararura (buttcrgourd) seeds 


30 
31 


Vtscumin 


Plant 


Viscum album (mistletoe) leaves 


65 


Viscumin A chain 


Plant 




32 


Barley toxin 


Plant 


Hordeum vulgare (barley)'seeds 


30 


Trichosanthin 


Plant 


Trichosantcs Jb'ri/owii roots and seeds 


25.6 


-* 

Diphtheria toxin (DT) 


Bacteria 


Corynebacterium diphterii 


58,4 


Recombinant Diphtheria toxin (CRM45) 


Bacteria 




45 


Pseudomonas exotoxin (PE) 


Bacteria 


Pseudomonas aeruginosa 


66 


Recombinant Pseudomonas exotoxin (PE40) 


Bacteria 




40 


o>Sarcin t mitogillin 


Fungi 


Aspergillus giganteus 


16J. 16.8 


Restrictocin 


Fungi 


Aspergillus restrictus * 


16.8 



Side-effects of toxins 

In most clinical trials with ITs, VLS is the dose-limiting 
toxicity [451. This syndrome is manifested by decreased 
serum albumin, accumulation of fluid in the interstitial 
spaces, weight gain, oedema and accumulation of fluid 
in lungs and pericardium [3,4]. VLS has made it difficult 
to reach blood concentrations of ITs necessary to 
achieve maximum therapeutic responses. VLS might 
be due to the binding of plant toxins to vascular 
endothelial cells ( subsequent killing of these cells and 
damage to the capillary vessels [81]. 

An in vitro model of VLS has been developed to 
document the morphological and biochemical modifi- 
cations of monolayers of human umbilical vein cells 
(HUVEQ caused by plant toxins and ITs containing 
plant toxins [81]. The vascular toxicity of ITs containing 
ricin A chain may reside in the ability of the toxin 
moiery to interact (directly or in conjunction with 
fibronectin (FN)) with receptors on the endothelial 



cells [82]. Recently, it has been shown that ITs contain- 
ing PE may also induce VLS in patients but this effect 
was the result of the binding of the antibody (B3) to 
the endothelial cells and not of the toxin [831. However, 
a single chain IT containing PB40 has induced VLS-like 
symptoms in rats (but not in mice), suggesting that PE, 
like RTA, might damage vascular endothelial cells 
directly [84], 

Several strategies might be considered to diminish 
rr-medlated VLS. The most practical treatment might 
involve anti-inflammatory drugs to reduce oedema 
(e.g., corticosteroids). Unfortunately, this is not always 
successful in a clinical setting. In the case of ricin A 
chain-containing ITs, the concomitant administration 
of FN might prevent VLS, although this has not yet 
been attempted Finally, it might be possible to elimi- 
nate the region of the toxin responsible for its binding 
to endothelial cells without impairing its ability to 
inhibit protein synthesis. 
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Toxic moieties not requiring Internalisation 

Toxic moieties which kill target cells in the absence of 
internalisation represent an attractive option for con- 
structing ICs since the degree to which ICs are inter- 
nalised and effectively routed is unpredictable. 
Presently, there are four categories of such toxic 
moieties including cytolytic, prodrug/drug converting, 
killer cell recruiting effectors and radionuclides. 

Cytolytic toxins 

Phospholipase C [85], pore forming proteins (e.g., 
staphylococcal a-haemolystjcO [861 and some of the 
complement components [871 have already been used 
to construct TTs which can lyse target cells in vitro. 
These immunolysins have enhanced non-specific tox- 
icity due to their ability to bind to and kill hfe-sustain- 
ing cells (e.g., erythrocytes) [87). Therefore, enzymes 
with cytolytic activity will have to be altered to remove 
the cell binding site responsible for non-specific tox- 
icity. Thi$ will only be feasible if the active site of the 
enzyme and the cell binding domain reside in different 
portions of the molecule. In this regard, preliminary 
data indicate that the removal of the cell-binding site 
might be possible for at least some pore-forming toxins 
188). 

Prodrug/drug converting en^mes 

Enzymes which generate low molecular mass cytotoxic 
drugs from relatively non-cytotoxic precursors (pro- 
drugs) have also been used to construct ICs [891. Once 
bound to tumour cells, these antibody-enzyme conju- 
gates convert the prodrugs into cytotoxic compounds 
of low molecular mass (891- These compounds then 
diffuse Into the tumour mass and kill tumour cells 
which are not in physical contact with the conjugate, 

The advantage of this approach is that the targeted 
enzyme can greatly amplify the number of drug mole- 
cules delivered to each tumour cell. Furthermore, the 
cytotoxic effect is not restricted to tumour cells which 
bind the conjugate since the drug is released extracel- 
lularly where it diffuses to neighbouring rumour cells. 
Several studies have shown that the antibody-enzyme 
conjugate/prodrug combination is more effective than 
systemic drug therapy 190-92). For example, a human- 
ised disulphide-stabilised Fv fragment fused to beta- 
lactamase activated the cephalosporin-doxorubicin 
prodrug and had good antitumour activity In mice 192). 
The drawback of this approach is that the enzymes are 
of bacterial or animal origin and, like toxins, are 
immunogenic in humans. It might, however, be pos- 
sible to use enzymes of human origin coupled to 
humanised antibodies [871 or to develop humanised 
catalytic antibodies which bind to tumour-associated 
antigens. 



Effector cell recruiting structures 
Other effector molecules which completely change the 
modus operandi of the immunoconjugate are super* 
antigens or cell-binding BsAbs. Both superantigens 
and BsAbs can bridge tumour cells to effector cells and 
thereby lead to cytolysis. 

Superantigens 

The superantigen staphylococcal enterotoxln A (SEA), 
has been spliced to an Fab" fragment of an antibody 
[93-951* SEA binds to a variety of different MHC Class 
II* T-cells which are subsequently activated to prolif- 
erate, produce cytokines and kill target cells [96]. 
Antibody-SEA ICs bridge target cells expressing the 
molecule which the MAb recognises to cytotoxic T- 
lymphocytes (CTLs). Fab'-SEA therapy in humanised 
SCID mice xenografted with human colon carcinomas 
or transfected melanoma cells induced massive T-cell 
infiltration in the tumour and significant suppression 
of tumour growth [93-951. In one instance, the anti- 
body-SEA conjugate was more effective than BsAbs 
reacting with the TfcR-CD3 complex and the tumour- 
associated antigen (97}- Unfortunately, the anribody- 
superantigen conjugate induces the release of 
cytokines which cause systemic toxicity [95]. To elimi- 
nate this problem; it will be necessary to alter SEA to 
diminish its ability to induce cytokine release [98]. 
Finally, the immunogenicity of superantigens might 
represent a significant obstacle to the repeated admini- 
stration of ICs to patients. 

BsAbs 

BsAbs can be generated by; 

• coupling two antibody molecules with different 
specificities using cross linking agents [99]; or 

• fusing two hybridpma cell lines to produce a hy- 
brid-hybridoma (quadroma) that secretes BsAb I99h 

Like SEA, BsAbs bind to both tumour cells and effector 
cells and those directed against tumour antigens and 
CD3 + cells (T-cells) or (CD64) FcRI* cells have given 
encouraging antitumour effects in Phase I clinical 
studies [100,101]. 

To increase the stability and penetration of BsAbs, 
small BsAbs have been produced by genetic engineer- 
ing [99). Two Fv regions with different specificities 
were coupled to each other by a helical peptide linker 
[991. The advantage of these single chain BsAbs over 
'classical' BsAbs is their better penetration, stability and 
decreased immunogenicity [991- Single chain BsAbs 
have been expressed in both bacteria and mammalian 
cells. As mentioned earlier, the disadvantage of using 
FV fragments is their short Tj/2 in vivo. In this regard, 
Fv fragments of an anti-I/) tumour associated antigen 
have been linked to the FV-CH2-CH3 of an anti-human 
CD3 [102], The resulting BsAb promoted adhesion 
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between human T~cells and L6 + tumour cells and 
stimulated the T-cells to proliferate and mediate killing 
of L6* tumour celb. The T1/2 of this construe: was not 
reported but it would be predicted to be considerably 
longer than that of Fv BsAb lacking CH2-CH3 domains. 

Radionuclides 

131 I is the most frequently used radionuclide for con- 
structing radiolabeled ICs [103,104]. The main disad- 
vantage of l3l I is Chat it has a high abundance (8m) 
and high energy (346 KeV) gamma-emission which 
induce non-specific irradiation of other organs. More- 
over there is a 'wash out* of the radioiodine from the 
tumour due to the dehalogenation of the iodotyrosine 
residues [103]. The released low molecular weight 
radioiodine species concentrate in the thyroid [1031. 

As a potential replacements for 131 1, pure beta-emitters 
(Y trium-90) or beta-emitters with low abundance and 
energy gamma-radiation (Rhenium-186, Indium-Ill, 
etc.) have already been tested in animal models and 
clinical trials [1031. These second generation radio- 
nuclides have better radiophysical characteristics than 
131 I and better retention at the tumour level but their 
Ti/ 2 s are much shorter <?°Y - 64 h, ia6 Rh « 90 h) or 
similar ( lll In « 7,5 days) to that of 131 I (1031. Further- 
more, the chemistry of coupling metallic isotopes to 
proteins requires the use of intermediary chelating 
ligands (e.g., DTPA or DOTA) yielding conjugates 
which axe less stable than those prepared with [ l3l fl- 
antibody [103]. The chemical instability of the former 
may lead to the release of the radioisotope into the 
circulation with subsequent localisation in bone. This 
drawback Is currently being addressed by constructing 
antibody-radiometal conjugates with better stability 
and retention [103]. 

The optimal isotope for an IC should be a beta-emitter 
with a relatively long T1/2 to take advantage of an 
extended residence time of the antibody in the tumour. 
For example, Phosphorus-32 ( 32 P) is a pure beta-emit- 
ter with high specific activity and with a Tin of 14 
days. Despite the potential advantages of 32 P, its 
development has been hindered by difficulties in the 
labelling chemistry. Recently, procedures to conjugate 
[ 32 P]-ATP to antibody have been described [1051. Thus, 
32 P has been conjugated to a heptapeptide (Trp-Arg- 
Arg-Ala-Ser-Leu-Gly) fused to the hinge region of Fab' 
anti-CEA (lQQ. The conjugate did, however, release 
free 32 P in human serum at 37°C The use of another 
linkage (thiophosphate ester) may result in even more 
stable [ 32 P]-antibody ICs. Co-administration of cold 
phosphate might minimise bone uptake of 92 P. The 
[ 32 P]-labeled humanised Fab or IgG antibody would 
also be expected to have a longer residence time and 
an improved therapeutic index. 



Toxic moieties requiring Internalisation 
Anti-neaplastic drugs , 

Historically, the cytotoxicity of Ab-drug ICs has been 
no greater than that of the unconjugated drugs, due to 
rwo factors: 

♦ the drug acts stolchiometrically and not catalytlcally; 
and 

• the type of the chemical linkage between the drug 
and antibody does not allow efficient release of the 
drug into the cytosol [1071. 

These limitations have been partially overcome by 
either replacing the current drugs with synthetic com- 
pounds endowed with a 1000-fold greater cytotoxicity 
[108,10?] and/or by using better linkers which release 
the active drug inside the cell [110]. The new drugs 
(e.g., calicheamicins and maytansinoids) have greater 
systemic toxicity which precludes their use at thera- 
peutic doses, but when these drugs are bound to 
antibodies at a low molar ratio they lose their non-spe- 
cific toxicity resulting in a significant therapeutic win- 
dow for treating solid tumours in mice [108,109]. In 
mice, the LD50S and IC50S of some of these Ab-drug 
ICs have been comparable to those of ITs containing 
ricin A chain. Their antitumour activity in nude mice 
with human breast rumours has been excellent 
[108,109). 

The importance of the linker has been established by 
using an acid-labile hydraione bond, which liberates 
the internalised drug into an acidic environment, to 
prepare a doxorubicin-MAb IC [110]. An IC containing 
a chimeric human/murine monoclonal antibody that 
targets an antigen expressed at the surface of many 
human carcinomas induced cures of both subcutane- 
ous and metastatic tumours [110]. The main advantage 
of using this novel type of IT vs. a classical one might 
reside in the lower immunogenicity of these drugs 
(molecular weight < 2000). . 

Inhibitors of signal transmission 
Another drug which is devoid of immunogenicity and 
which kills the target cells through a different mecha- 
nism (involving the inhibition of tyrosine kinases) is 
genistein (molecular weight 300). Genistein is an 
isoflavone which inhibits tumour invasion and metas- 
tasis [ill]. This compound has been chemically cou- 
pled to an anti-CD19 antibody and the IC used 
selectively to inhibit CD19- associated tyrosine kinases 
and trigger rapid apoptodc cell death in human lym- 
phoma cells (1 12,1 131. Thus, treatment of either human 
leukaemia cells (NaLM-6) or Burkitt's lymphoma cells 
(RAMOS) in SCtD mice resulted in 120-day survival 
rates of 100% and 70%, respectively. In contrast to 
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anU-cancer drugs, the anti-CDl^genUteiri conjugates 
lack systemic toxicity (MTD > 250 mg per mouse) 
[112,1131. Therefore, the therapeutic window was 
much wider than that of any antibody-drag IC The 
application of genistein (or other inhibitors of signal- 
ling-containing ICS might be limited to wmour cells 
expressing antigens associated with tyrosine kinases. 

Humanised toxins 

Humanised toxins were utilised in ITs after the toxicity 
of human proteins belonging to the ribonucleic A 
family was demonstrated. Fusion proteins containing 
antibody anti-transferrin receptor and human RNascs 
have shown some cytotoxic activity in vitro, but their 
future use as antirumour agents might be impaired by 
the presence of ribonuclease inhibitors, present in the 
cell cyrosol, which block toxicity 1871. 

Conclusion 

To date, ICs have performed most effectively in the 
treatment of lymphomas. While [ 131 l]-Abs work best in 
bulky tumours, ITs appear promising for treating in 
minimal disease, A combination of these agents (± 
conventional therapy) could be highly effective in 
newly diagnosed disease. In this regard, the excellent 
results obtained in animal models using combination 
therapy with ITs and chemotherapy have been encour- 
aging [8,46,48,114^116]. 

Besides refining the present generation of ITs, many 
new ITs against solid rumours are being tested in 
preclinical trials in animals to explore the possibility 
of improving their penetration and cytotoxicity. Thus, 
antibodies have been miniaturised and humanised 
with the goal of increasing penetration and/or reduc- 
ing the anti-mouse IgG antibody response. ICs which 
do not require tumour penetration because they act on 
cells sustaining tumour growth (e.g., endothelial cells) 
are also being developed. The cytotoxic moieties of 
'classical' ICs (e.g., toxins) have been replaced with a 
series of compounds endowed with the ability to kill 
tumour cells by other mechanisms. Some of these 
agents are not immunogenic (anti-neopJastic drugs), 
others do not require cellular internalisation (cytolys- 
1ns, prodrug/drug converting enzymes, superantigens) 
and some act by inhibiting signal transduction 
(genistein). Early preclinical results obtained with this 
new generation of IC offer promise for the future. 
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H0M0C0NJU6ATED IMMUNOGLOBULINS 



pAiAted Application 



The present application is a continuation-in- 
10 part. of Ser. No. 07/575,725, filed August 31, 1990. 



packaround of The Invention 

Monoclonal antibodies offer great promise as 
exquisitely specific immunotherapeutic agents with 
potentially minimal side effects. Thus, monoclonal 
antibodies are being developed for a wide variety of 
applications, such as the treatment of tumors, infectious 
diseases and autoimmune disorders, regulation of the 
immune system, and others. Unfortunately, few monoclonal 
antibodies have the qualities that enable. them to 
successfully make the transition from research and # 
development to clinical regimen. 

The therapeutic or diagnostic usefulness of a 
monoclonal antibody results from several factors, in 
addition to simply binding the desired antigen. The 
antibody must possess sufficient binding affinity, a 
measure of the inherent strength of the antibody binding 
to its corresponding epitope. It must also have a 
relatively high level of avidity, which reflects the 
overall stability of the antibody-antigen complex and is 
based on the valency of the antibody (and antigen) and 
the geometric arrangement of the interacting components. 
The affinity and avidity of different antibodies can vary 
widely. 



r t ^ 
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Often the monoclonal antibody which is selected 
must be of an appropriate isotype or subclass thereof to 
efficiently initiate desired effector functions. These 
functions include fixation of complement, binding to 
5 effector macrophages or polymorphonuclear leukocytes, or 

other properties that may be required in a particular 
therapeutic application. Isotype also affects antibody 
bio-distribution, half-life, transplacental passage, and 
other characteristics. 

10 In general # IgG antibodies would be preferred 

over IgM antibodies for most therapeutic uses. When 
compared to IgMs, IgGs typically possess longer in vivo 
half-lives, are able to cross the placenta to the fetus, 
and when formulated as a pharmaceutical composition may 

15 have a longer shelf life. IgG molecules are monomer ic, 

however, and have only two antigen binding sites so the 
avidity is much lower than with a comparable IgM 
antibody, which is pentavalent and has ten antigen 
binding sites. 

20 With conventional technology it is frequently 

very difficult to identify monoclonal antibodies having 
the desired antigen binding specificity, -affinity - , 
avidity and effector functions. Recombinant DNA 
techniques have been developed to avoid the unpredictable 

25 and labor intensive method of simply screening large 

numbers of antibody-producing fused or transformed cells. 
Genes encoding the antigen binding variable (or 
hypervariable) regions of an antibody having a desired 
binding specificity have been cloned next to genes 

30 encoding antibody constant regions which mediate desired 

effector functions. See, for example, U.S. Pat. 
4,816,397, European Patent Office publications EP 173,494 
and 239,400 and PCT publication WO 89/07142. Such 
procedures can also be quite laborious and have had only 

35 limited experimental validation. Even with these 

procedures one may still be faced with a recombinant IgG 
antibody not having sufficient avidity to initiate 
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biologically important effector functions, or with IgM 
molecules which have a desired therapeutic activity but 
suffer from the general disadvantages associated with 

IgMs as mentioned above. 

The avidity of IgG antibodies could be improved 
by increasing the valency of the molecule to greater than 
two. More interactions between antibody and antigen 
would result in tighter binding and would stabilize the 
antibody-antigen interaction, generally an important 
attribute for therapeutic use. IgG antibodies of high 
avidity (via multivalent attachment) and which have the 
desired effector functions would be greatly preferred 
over comparable antibodies of low avidity, but to date 
antibodies having these characteristics have not been 
15 described. 

Accordingly, what is needed in the art is a 
means for producing high avidity IgG antibodies having 
desired effector functions while avoiding many of the 
difficulties inherent in working with IgMs. Quite 
remarkably, the present invention fulfills this and other 
related needs. 



20 



25 



30 



35 



p i innnarv C * + hp Tnvention 

Homoconjugated antibodies possess increased 
therapeutic effectiveness when compared to the 
corresponding parental antibody monomer. This activity 
may be due to, AntSE ftlift* interactions of higher avidity 
and increased effector functions. Accordingly, 
antibodies which bind to the same antigen, and more 
particularly to the same antigenic determinant, are 
covalently bonded via cross-linking to one another by 
synthetic chemical coupling to produce such 
homoconjugates. Generally, the homoconjugates comprise 
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at least two to three antibody molecules, typically of 
the IgG class. The antibodies are preferably monoclonal 
antibodies, and may be any of a variety of species. For 
administration to humans the antibodies vill usually be 
human or murine in origin or have human constant regions. 

Accordingly, pharmaceutical compositions are 
provided which comprise a pharmaceutical ly acceptable 
carrier and at least two IgG antibody molecules, which 
bind to substantially the same antigenic determinant, 
chemically bonded to one another by synthetic covalent 
linkage. The homoconjugated antibodies and 
pharmaceutical compositions thereof can be used 
therapeutically in methods of treatment of antigen 
related diseases to, e.g., protect against infection, 
such as by £^ coli or group B streptococci, inhibit the 
growth of tumors, including breast and other tumors, 
regulate the immune response, and the like. As 
homoconjugates of IgG antibodies are able to pass the 
placenta the preparations can be used to treat a fetus in 
utero. 

In another related aspect the invention 
provides a substantial improvement in methods for 
therapeutic administration of monoclonal antibodies to a 
patient for treatment of an antigen related disease. The 
improvement comprises administering to the patient 
covalently cross-linked homoconjugated monoclonal 
antibodies having at least two IgG antibody molecules 
which bind to the same antigenic determinant of the 
antigen related to the disease. In preferred embodiments 
the antibodies are cross-linked via disulfide bonds. 
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grif f P**gcrlpt <on of the Figures 

Pig. 1 shows chromatograms of FPLC profiles of 
the IgG homoconjugate mixtures, with retention tine along 
5 x-axis and A 280 along y-axisj Peaks labeled A, B and C, 

represent trimer, dimer and monomer fractions, 

respectively; 

Fig. 2 illustrates the increased binding 

activity in £IAs of homoconjugates (dimers or trimers) 
10 compared to initial monomers of monoclonal antibody D3, a 

human IgG monoclonal antibody which binds to the group 

carbohydrate of group B streptococci; 

Fig. 3 illustrates the increased binding 

activity of homoconjugates (dimers or trimers) compared 
15 to initial monomers of monoclonal antibody 5E1-G, a human 

IgG monoclonal antibody which binds to the capsular 

carbohydrate of £. £fill Kl; 

Fig. 4 illustrates the increased binding 

activity in EIAs of homoconjugates (dimers) compared to 
20 initial monomers of BR64, a murine IgG monoclonal 

antibody which binds to a human breast tumor associated 

antigen; 

Fig. 5 illustrates the comparative binding 
activity of homoconjugated chimeric BR96 antibody, against 

25 tumor cell lines, where Fig. 5A shows binding activity 

against human breast tumor cell line H3760B, Fig. SB 
shows binding activity against human lung tumor cell line 
H2707, Fig. 5C shows binding activity against human lung 
tumor cell line H2987, and Fig. 5D is binding activity 

30 against human breast tumor cell line H3396; 

Fig. 6 shows the increased opsonic activity 
against group B streptococci by dimer and trimer 
homoconjugates of human monoclonal antibody D3 compared 

to the initial IgG monomer; 
35 F ig. 7 shows the enhanced opsonophagocytosis by 

monoclonal antibody D3 homoconjugates against group B 
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streptococcal strains M94 and 1334 compared to the 
activity by the D3 monomer antibody; 

Fig. 8 shows the increased opsonic activity 
against £. poli Kl of dimer and trimer homoconjugates of 
5 human monoclonal antibody 5E1-G compared to the initial 

IgG monomer; 

Fig. 9 depicts enhanced opsonophagocytosis 
conferred by homoconjugates of monoclonal antibody 5E1-G 
against strains H16 and A14 of £i- coli Kl compared to the 
10 antibody monomer; 

Fig, 10 shows increased complement dependent 
cytotoxicity against breast tumor cell line H3630 by 
dimer homoconjugates of monoclonal antibody BR64 compared 
to the initial IgG monomer; 
15 Fig. 11 illustrates the cytotoxicity shown by 

BR96 homoconjugates and monomeric monoclonal antibody 
against breast tumor cell line H3396; and 

Fig. 12 shows the ill vivo protection conferred 
by homoconjugates of monoclonal antibody D3 and control 
20 monomer at different concentrations of antibody. 



Description of the Specific Embodiments 



25 



The present invention provides homoconjugates 
of monoclonal antibodies against selected antigens, and 
methods for preparing such homoconjugates. By chemically 
linking antibody molecules, homoconjugates are prepared 

30 which possess increased valency and two or more Fc 

regions. By this means a variety of effects may be 
accomplished, including, inter alia , increases in binding 
avidity, complement fixation, cellular activation, 
opsonophagocytosis, etc. Thus the invention provides the 

35 ability to convert antibodies of perhaps limited In vivo 

utility to antibodies having characteristics 
significantly more conducive to a desired therapeutic 
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activity. For example, homoconjugation may serve to 
convert an IgG monomer of low binding avidity to one of 
higher avidity and better able to promote effector 
functions that were perhaps not previously attainable. 

By homoconjugate is meant the covalent 
association or linking of two, three or more antibody 
molecules which bind to the same antigenic determinant, 
thereby forming antibody homodimers, homotrimers, etc. 
The homoconjugates may be prepared from two, three or 
more different monoclonal antibodies (i.e., those 
produced by different immortalized cell lines) which bind 
to the same antigenic determinants (epitopes) on the 
antigen. The monoclonal antibodies which comprise the 
homoconjugate may be different (produced by distinct cell 
lines) but preferably they are the same, i.e., obtained 
from the same cell line, and thus constitute a relatively 
homogeneous preparation of monoclonal antibodies with 
virtually identical antigen binding specificity. By 
binding to the same or substantially the same epitope is 
meant to refer to monoclonal antibodies which are capable 
of reciprocal or non-reciprocal competition with the 
other for binding to the antigen. One skilled in the art 
will Know how to conduct competition immunoassays, such 
as by radioimmunoassay or enzyme immunoassay, as 
generally described in, e.g., U.S. Pat. 3,817,837? Harlow 
and Lane, »«»«w«H — ■ * laboratory Manual, Cold Spring 
Harbor Press, Cold Spring Harbor, KY (1988) ; and Day, 
^vaneed Im^moehemistrv . 2d ed. , Hiley-Liss 

Publications, NY (1990), each incorporated herein by 
30 reference. 

The Fc regions of the monoclonals used for 
homoconjugation, or other aspects of the immunoglobulin 
molecule which do not substantially affect antigen 
binding specificity, may also be altered to produce 
desired effector functions. For example, it may be 
desirable to substitute a Fc domain for protein A binding 
into a molecule not having that capacity, for ease of 
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purification or the like. Other substitutions may 
provide for decreased immunogenicity, increased or 
decreased complement activation, cell receptor binding, 
control of catabolic rate, placental and gut transfer, 
ability to participate in antibody-dependent cellular 
cytotoxicity, and other aspects of immune regulation. A 
number of antibody functions have been localized to a 
constant region domain or domains. See, Paul, 
Fundamental immunology . Raven Press, New York, NY, 1984, 
incorporated herein by reference. A vide variety of 
techniques are available to produce recombinant 
immunoglobulins, e.g., U.S. Pat. 4,816,397, European 
Patent Office publications EP 173,494 and 239,400 and PCT 
publication WO 89/07142, each incorporated herein by 
reference. Accordingly, the homoconjugated 
immunoglobulins may be any of the heavy chains and 
subclasses thereof. The light chains may be either kappa 
or lambda. 

Particularly preferred in the present invention 
are homoconjugates of antibodies having gamma heavy 
chains, so as to form homoconjugated multivalent IgG 
molecules. Within the IgG subclasses of 1, 2, 3 and 4 
(human) and 1, 2a, 2b and 3 (murine), human subclasses 1 
and 3 and murine subclasses 1, 2a and 2b are generally 
preferred for applications requiring maximum complement 
fixation, binding to monocytes, macrophages and 
polymorphonuclear cells, and the ability to cross the 
placenta. The effector functions of human XgG 2 and XgG 4 
antibodies may also be substantially increased by the 
homoconjugation procedures described herein. 

It is also contemplated that under certain 
circumstances, depending on the intended use, antibodies 
having alpha, mu, epsilon or delta type heavy chains may 
also be employed for homoconjugation as described herein. 

The binding affinity of the antibodies for use 
in homoconjugates will vary, but will generally be at 
least 10" 4 M, typically at least about 10~ 6 K to 10" 7 M, 
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and preferably at least about 10" B to 10~ 9 M or greater. 
The avidity of the homoconjugates prepared from such 
antibodies should generally be at least about 10"^M to 
lo" 7 H, and preferably at least about 10* to 10 M or 
5 greater. Means for determining affinity and avidity are 

known, as described in Day, Artyflnged XWHinpfllffliPtrV f 
supra. While the homoconjugates nay have quantitative 
increases in avidity, generally the homoconjugates should 
also have qualitative increases in avidity and effector 
10 functions, e.g., those evidenced by antigen binding tests 

and other functional assays as described herein and as 
will generally be known to one of ordinary skill in the 
art. 

The homoconjugated immunoglobulins may be of 
1* any species or combination thereof from which monoclonal 

antibodies may be prepared. Although it has generally 
been relatively easy to produce murine monoclonal 
antibodies of a desired antigen binding specificity, it 
has been much more difficult to produce human monoclonal 
20 antibodies of the desired specificity and having the 

desired constant region properties. Human monoclonal 
antibodies are preferable for many applications, 
especially in Xiyja diagnosis and therapy of humans to 
minimize their recognition as foreign by a patient's 

25 immune system. 

While murine and human immunoglobulins are most 
commonly produced, monoclonal antibodies or portions 
thereof originating with other species, euch as 
lagomorpha, bovine, ovine, equine, porcine, avian or the 

30 like may be employed. It should be understood that the 

monoclonal antibody art and genetic engineering 
techniques have advanced sufficiently such that antibody 
sequences of one species may be interchanged with those 
of another species. Thus, as used herein, a "human" 

35 antibody, for example, refers to one that is 

substantially human in origin but may also contain some 
non-human and/or non-immunoglobulin sequences. 



10 



Similarly, when referring to immunoglobulin, used 
synonymously herein with antibody, it will be understood 
that some non- immunoglobulin sequences may be present in 
the molecule while retaining the ability to bind antigen. 
Immunoglobulin refers to both whole immunoglobulins and 
binding fragments thereof* 

The antibodies which are used for 
homoconjugation may be substantially monospecific, i.e., 
relatively pure preparations of substantially homogeneous 
antibodies obtained from polyclonal ant i sera, or may be 
monoclonal antibodies. Monoclonal antibodies which bind 
to a desired antigen or epitope thereof are obtained from 
an established cell line which secretes them. The 
antibody-producing cell line may be isolated from B cells 
of several species using conventional fusion, viral 
transformation or other immortalization techniques well 
known to those skilled in the art. For instance, human 
monoclonal antibodies may be generated using Epstein- 
Barr virus (EBV) transformation, hybridoma fusion 
techniques, or combinations thereof. See, for example, 
Kozbor et al., Proc, Natl- Acad. Sci. USA 79:6651 (1982), 
and U.S. Pat. Nos. 4,464,465 and 4,624,921, which are 
incorporated herein by reference. By monoclonal antibody 
is meant an antibody produced by a clonal, immortalized 
cell line separate from cells producing antibodies with a 
different antigen binding specificity. Thus such 
monoclonal antibodies are produced and isolated from 
other monoclonal antibodies and, accordingly, in 
substantially pure form (relative to other antibodies) 
and at a concentration generally greater than normally 
occurring in sera from the animal species which serves as 
the B cell source. 

Thus, it should be understood that the 
invention is not limited by the antigen binding 
specificity of the particular homoconjugates exemplified 
herein, but rather, it can be used in the treatment of a 
variety of antigen related diseases, particularly those 
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for which monoclonal antibodies have been therapeutically 
administered. By antigen related disease is meant a 
disease whose manifestation coincide with the clinical 
presence of a foreign antigen (e.g., bacteria, virus, 
tumor or tumor associated antigen) or self antigen (as 
with autoimmune diseases) . A wide variety of monoclonal 
antibodies have been described in the technical and 
patent literature, many of which are publicly available 
from cell depositories, such as the American Type Culture 
Collection, 12301 Parklawn Dr., Parkville, MD 20852, 
whose catalogue, ftTrc catalogue of Cell Unes P nd 
pyhHdomas . 6th ed. (1988), is incorporated herein by 
reference. Representative examples of monoclonal 
antibodies are described in, e.g., U.S. Pat. Nos. 
4,596,769, 4,689,299, 4,753,894, 4,834,975, 4,834,976, 
4,925,800, and 4,958,009, each of which is incorporated 
herein by reference. The methods described herein 
provide the ability to produce novel cross-linked 
homoconjugates from immunoglobulins obtained from such 

20 cell lines. 

The chemically linked homoconjugated 
immunoglobulins will be produced by chemical conjugation 
of antibodies using well known laboratory procedures, 
such as by employing cross-linking reagents. By 
chemically linked is meant that the immunoglobulin 
molecules are synthetically linked, i.e., not produced as 
such by a cell, to one another by covalent bonds. A 
preferred method of conjugation is the formation of at 
least one covalent bond between the immunoglobulin 
30 molecules. 

The immunoglobulin molecules are complexed or 
chemically bonded together by any of a variety of well 
known chemical linking procedures. The Fc regions or Fab 
regions may serve as the site of the linkage. The 
linkage may be direct, which includes linkages containing 
a synthetic linking group, or indirect, by which is meant 
a link having an intervening moiety, such as a protein or 
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peptide, e.g., plasma albumin, or other spacer molecule. 
For example, the linkage may be by way of 
heterobifunctional or homobifunctional cross-linkers, 
e.g., carbodiimide, glutaraldehyde, N-succinimidyl 3- (2- 
5 pyridydithio) propionate (SPDP) and derivatives, bis- 

maleimide , 4- (N-maleimidomethyl) cyclohexane-I-carboxylate 
(SHCC) , cross-linking without exogenous cross-linkers by 
means of groups reactive with the individual molecules, 
such as carbohydrate, disulfide, carboxyl or amino groups 

10 via oxidation or reduction of the native protein, or 

treatment with an enzyme or the like. Methods for 
chemically cross-linking antibody molecules are generally 
known in the art, and a number of hetero- and 
homobifunctional agents are described in, e.g., U.S. Pat. 

15 Nos. 4,355,023, 4,657,853, 4,676,930, 4,925,921, and 

4,970,156, and in Harlow and Lane, Antibodies r A 
Laboratory Manual . Cold Spring Harbor Press, 1988, Cold 
Spring Harbor, NY and TmmunoTec hnoloav Catalogue and 
Handbook . Pierce Chemical Co. (1989), each of which 
20 patents and publications is incorporated herein by 

reference. In general, such synthetic cross-linking 
should not substantially affect the antigen binding 
region of the molecules nor the desired effector 
functions. 

25 Detection and purification of the 

homoconjugated immunoglobulins may be accomplished by a 
variety of techniques, including liquid and. affinity 
chromatography, gradient centrifugation, and gel 
electrophoresis, among others. Increased activity of the 

30 homoconjugates may be measured by quantitative antigen 

binding assays, antibody competition experiments, 
opsonophagocytic assays, complement dependent 
cytotoxicity assays, and the like. These techniques are 
familiar to those skilled in the art, and are described 

35 in, for example, Karlow and Lane, supra . 

Homoconjugated antibody preparations with 
increased binding ability will likely be useful in the 



WO 92/04053 



PCT/US91/06195 



13 



10 



treatment and diagnosis of a wide variety of conditions 
referred to herein as antigen related diseases. The 
homoconjugates will offer significantly improved 
therapeutic and diagnostic characteristics compared to 
the unconjugated monomeric antibody. Due to the 
increased avidity of the homoconjugates, it is now 
possible in certain instances to convert a previously 
non-protective or weakly protective igG antibody to be 
protective against Infection or tumors, for example, or 
to act as an inufiunomodulator by potentiating or otherwise 
regulating a host's immune response to a particular 
antigen. Where an IgM antibody to an antigen or 
particular epitope of the antigen is protective and a 
monomeric IgG antibody is non-protective or weakly 
15 protective, a homocon jugate produced using the methods 

described herein may provide sufficient avidity to confer 
significant protection against infection, cell killing, 
etc. For instance, an IgG dimer or trimer homoconjugate 
may possess therapeutic anti-infective qualities that may 
20 be found with certain multivalent antibodies such as 

IgMs, but also have qualities inherent to IgG monomers, 
such as their ability to cross the placenta, to bind to 
macrophages and PMNs, and the lack of a requirement for 
complement to mediate opsonization. The IgG 
25 homoconjugates may possess other attributes typically 

associated with IgGs, such as ease of purification, 
increased stability, increased shelf life, and increased 

half-life An yjvo. 

Although the homoconjugate preparations will be 

30 useful against a range of targets, such as bacterial and 

viral antigens, depending of course on the particular 
specificity of a homoconjugate »s antigen binding region, 
they will be especially useful where the killing of 
mammalian cells is required. For example, the 

35 homoconjugates can be used for the treatment of cancer 

cells which display particular tumor-associated antigens 
(e.g., breast or lung tumor associated antigens), the 
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inhibition or killing of mammalian cells infected with 
viruses or bacteria or cells which express antigens 
associated with a particular autoimmune disease. The 
homoconjugates can also be used to eliminate selected 
cells from bone marrow or in the immunosuppression of 
graft recipients, etc. 

Of course, it is understood that the present 
invention is not limited to antibody homoconjugates which 
are protective or show other such functional attributes 
in vivo , as increased avidity also makes feasible an 
array of diagnostic procedures perhaps not otherwise 
available to a bivalent monomer of low affinity and/or 

low avidity. 

The ability of the resultant antibodies to 
inhibit a tumor, such as a breast or lung tumor, to act 
as an immunomodulator, or to protect against challenge, by 
a pathogen, for example, can be measured in a wide 
variety of in vitro and In vivo systems, as will be known 
to the skilled artisan. An exemplary protocol for 
protection against Z*. S&li using a homoconjugated 
antibody which was non-protective or weakly protective as 
an IgG, appears in Example III below. 

The novel homoconjugates of monoclonal 
antibodies and pharmaceutical compositions prepared 
therefrom are particularly useful for administration for 
prophylactic and/or therapeutic treatment of an antigen- 
related disease. Preferably, the pharmaceutical 
compositions can be administered parenterally, i.e., 
subcutaneously, intramuscularly or intravenously, or 
orally. Thus, this invention provides compositions for 
parenteral administration which comprise a solution of 
the homoconjugated monoclonal antibody preparations or a 
cocktail of homoconjugated and monomeric antibodies 
dissolved in an acceptable carrier, preferably an aqueous 
carrier. A variety of aqueous carriers can be used, 
e.g., water, buffered water, 0.4% saline, 0.3% glycine 
and the like. These compositions may be sterilized by 
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conventional, well known sterilization techniques. The 
compositions may contain pharmaceutical ly acceptable 
•auxiliary substances as required to approximate 
physiological conditions such as pH adjusting and 
5 buffering agents, toxicity adjusting agents and the like, 

for example, sodium acetate, sodium lactate, sodium 
chloride, potassium chloride, calcium chloride, etc. The 
concentration of antibody in these formulations can vary 
widely, i.e., from less than about 0.5%, usually at or at 
10 least about 1% to as much as 15 or 20% by weight and 

will be selected primarily by fluid volumes, viscosities, 
etc., in accordance with the particular mode of 
administration selected, the condition being treated, 
e.g., an infectious disease such as a group B 
streptococcal or £S2X infection, a tumor, such as 
breast carcinoma, etc., and the subject being treated, 
i.e., an adult, child or neonate. 

Thus, a typical pharmaceutical composition for 
intravenous infusion to treat an infection in an adult 
could be made up to contain 250 ml of sterile Ringer's 
solution, and about 100 mg to 10 grams of antibody. 
Actual methods for preparing parenteral^ or orally 
administrate compounds will be known or apparent to 
those skilled in the art and are described in more detail 
in for example, BffllMton'P fflftriM™it1nM Science, 16th 
ed.. Mack Publishing Company, Easton, PA (1982) , which is 
incorporated herein by reference. 

The compositions containing the present 
homoconjugated antibodies or a cocktail thereof can be 
30 administered for prophylactic and/or therapeutic 

treatments. In therapeutic applications, compositions 
are administered to a patient already suffering from a 
disease, in an amount sufficient to cure or at least 
partially arrest the disease and its complications. An 
amount adequate to accomplish this is defined as a 
"therapeutically effective dose." Amounts effective for 
this use will depend on the severity of the disease, 



20 



25 



35 



WO 92/04053 



PCT/US9I/06195 



16 

i.e., infection, tumor, etc., the age of the patient and 
the general state of the patients immune system. 
Generally, the amounts will range from about 0.1 to about 
50 mg of antibody per kilogram of body weight per dose, 
5 with dosages of from 5 to 25 mg of antibody per kilogram 

per patient being more commonly used. It must be kept in 
mind that the materials of the present invention may 
generally be employed in serious disease states, that is, 
life-threatening -or potentially life threatening 

10 situations. In such cases, in view of the minimization 

of extraneous substances and the possibility of lower 
"foreign substance" rejections which may be achieved by, 
e.g., administering allogeneic homoconjugated antibodies 
or chimeric homoconjugated antibodies made feasible by 

15 this invention, it is possible and may be felt desirable 

by the treating physician to administer substantial 
excesses of these antibodies* 

In prophylactic applications, compositions 
containing the present antibodies or cocktails thereof 

20 are administered to a patient not already in a disease 

state to enhance the patients resistance. Such an 
amount is defined to be a "prophylactically effective 
dose." In this use, the precise amounts again depend on 
the patient's state of health and general level of 

25 immunity, but generally range from 0.1 to 25 mg per 

kilogram, especially 0.5 to 2.5 mg per kilogram. A 
preferred prophylactic use is for treatment of fetuses 
and neonates at risk from infection through their 
mothers. When treatment is dependent on passage through 

30 the placenta, the dosage may require adjustment to 

reflect the percentage of antibody which is able to pass 
from the blood of the pregnant female to that of the 
fetus . 

Single or multiple administrations of the 
35 compositions can be carried out with dose levels and 

pattern being selected by the treating physician. In any 
event, the pharmaceutical formulations should provide a 
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quantity of homoconjugated antibody sufficient to treat 

the patient. 

The homoconjugated antibodies of the invention 
may also find several uses in y±feXfi. By way of example, 
the- homoconjugated igG antibodies of Example I below can 
be used for detecting the presence of group B 
streptococci or ^. cell Kl, for vaccine preparation, or 
the like. 

For In vitro diagnostic purposes, the 
antibodies may be either labeled or unlabeled. Unlabeled 
homoconjugated antibodies may find particular use in 
agglutination assays, or they may be used in combination 
with other labeled antibodies (second antibodies) that 
are reactive with the homoconjugated antibodies, such as 
antibodies specific for the Fc regions. Alternatively, 
the antibody may be directly labeled. A wide variety of 
labels may be employed, such as radionuclides, particles 
(e.g. gold, ferritin, magnetic particles, red blood 
cells), fluors, enzymes, enzyme substrates, enzyme 
20 cofactors, enzyme inhibitors, ligands (particularly 

haptens), etc. Numerous types of immunoassays are 
available and are known to those skilled -in the art, such 
as competitive and sandwich assays as described in, e.g., 
U.S. Pat. 4,376,110, incorporated by reference herein, 
25 and Harlow and Lane, supra. 

Kits can also be supplied for use with the 
subject antibodies in the protection against or detection 
of the presence of a selected antigen. Thus, the subject 
antibody compositions of the present invention may be 
30 provided, usually in lyophilized form in a container, 

either alone or in conjunction with additional 
antibodies. The antibodies, which may be conjugated to a 
label or toxin, or unconjugated, are included in the kits 
with buffers, such as Tris, phosphate, carbonate, etc., 
35 stabilizers, biocides, inert proteins, e.g., serum 

albumin, or the like, and a set of instructions for use. 
Generally, these materials will be present in less than 
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about 5t wt. based on the amount of active antibody, and 
usually present in total amount of at least about .0001% 
vt., based on the antibody concentration. Frequently it 
will be desirable to include an inert extender or 
excipient to dilute the active ingredients, where the 
excipient may be present in from about 1 to 99% of the 
total composition. Where a second antibody capable of 
binding to the homoconjugated antibodies is employed in 
an assay, this will be present in a separate vial. The 
second antibody is typically conjugated to a label and 
formulated in an analogous manner with the antibody 
formulations described above. 

The following examples are offered by way of 
illustration, not by limitation^ 



Preparation of Monoclonal Antibody Homoconjugates 

This example demonstrates means for preparing 
homoconjugates of several representative monoclonal 
antibodies to selected tumor and bacterial antigens. The 
homoconjugates were then tested in functional assays 
described in the examples which follow. 

Homoconjugates of the. following monoclonal 
antibodies were prepared: Monoclonal antibody D3, a 
human IgG 1 antibody which binds to the group B 
carbohydrate of group B streptococci. 5E1-G, a human IgG^ 
monoclonal antibody which binds to the capsular 
carbohydrate of fL. coli Kl. BR64, a murine IgGj 
monoclonal antibody which binds to human carcinoma 
associated antigen, including colon, breast, ovary and 
lung carcinomas. BR64 is on deposit with the American 
Type Culture Collection, 12301 Parklawn Drive, Roc)cville, 
M.D, as ATCC No. HB 9895. And BR96, also on deposit with 
the American Type Culture Collection as ATCC No. HB 
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10036, is an IgG human-murine chimeric IgG monoclonal 
antibody vhich binds to human lung and breast tumor 

associated antigens. 

Homoconjugates of each of the antibodies were 
5 prepared using maleimidobutyrloxysuccinimide and 

iminothiolane according to the following protocol. 
Antibodies (1 mg/ml) were dialyzed overnight against a 
coupling buffer (0.1M Ha 2 HPO<-dibasic, seven-hydrate, 
0.1M NaCI, P H 7.5). One milliliter of antibody was 
10 thiolated with 2-iminothiolane-HCl (Pierce Chemical Co. , 

50 nl (0.5 mg) of 2-iminothiolane solution (10 mg/ml in 
coupling buffer) added while mixing. A second aliquot of 
the antibody (1 ml) was treated with H-ir 
naleimidobutyryloxy-succinimide (GMBS) (Calbiochem, La 
15 Jolla, CA), 5 Ml (14 Mg) of GMBS solution (1 mg in 360 Ml 

dimethylf ormamide (DMF) . Each treated aliquot of 
antibody was incubated 1 hr. at room temp, and then the 
antibodies were run over PD-10 columns (Pharmacia) pre- 
equilibrated in coupling buffer. After a void volume of 
20 2.6 ml total, antibodies were collected in double the 

original volume. The thiolated and GMBS-treated aliquots 
of antibodies were then mixed and incubated at room temp, 
for 5 hrs. The reactions were quenched by adding 1 Ml of 
25mM 0-mercaptoethanol (1 Ml in 560 nl coupling buffer) 
25 and incubating for 15 min. at room temp. The p-KE was 

stopped by adding 11 Ml <" W) K-ethylmaleimide (Sigma 
Chemical Co., St. Louis) made up to 1 mg/ml in DMF. The 
homoconjugate preparations were dialyzed overnight in 
phosphate buffered saline (PBS) and separated by size- 
30 exclusion chromatography using Superose-6 and Superose- 

12 FPLC columns (Pharmacia, Uppsala, Sweden). The 
chromatograms of the FPLC columns for monoclonal 
antibodies D3, 5E1-G, and BR64 are shown in Fig. 1- 
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EXAMPLE II 
Binding Ac tivity of Homoconjugates 

5 The ability of the tetravalent and hexavalent 

monoclonal antibody homoconjugates to bind antigen was 
compared to the binding activity of the bivalent IgG 
monomer antibodies. The binding of the. anti-GBS 
homoconjugates was measured against a GBS strain (1334) 

10 bound to microtiter veils using poly-L-lysine (PLL) . 

Equivalent protein concentrations of untreated antibody 
D3 monomer were compared to FPLC fractionated IgG dimer 
and trimer homoconjugates. Binding was assayed with 
biotin labeled anti-human gamma-chain specific 

15 antibodies. The results are shown in Pig. 2, where the 

relative binding activities of the dimer or trimer 
homoconjugate preparations were significantly greater 
than the initial IgG monomer. 

To measure the binding of the anti-B. coll Kl 

20 antibody homoconjugates, coll strain H16 was bound to 

microtiter wells using poly-L-lysine. Untreated antibody 
5E1-G was compared to homoconjugates of IgG dimer and 
trimer, prepared as described above. Equivalent protein 
concentrations of antibodies were reacted with the _ 

25 coli . Binding was assayed with biotin labeled anti-human 

gamma-chain specific antibodies. The results are shown 
in Fig. 3, where the relative binding activities of the 
dimer and trimer homoconjugate preparations were 
significantly greater than the initial IgG monomer. 

30 To measure the binding of the anti-breast tumor 

antibody, BR64, and homoconjugates thereof, a breast 
tumor cell line, 3396, was grown adherently to microtiter 
wells. Untreated antibody BR64 was compared to 
homoconjugates of IgG dimer and trimer. Equivalent 

35 protein concentrations of antibodies were reacted with 

the breast tumor cells. Binding was assayed with biotin 
labeled anti-murine gamma-chain' specific antibodies. The 
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resultB are shown in Fig. 4 r where the relative binding 
activities of the dimer and trimer homoconjugate 
preparations were significantly greater than the initial 

igG monomer. ^ . 

To measure the binding of the anti-breast and 

lung tumor antibody, human-mouse chimeric BR96, and 
^conjugates thereof, two breast cell lines (H3396 and 
H3760B, and two lung cell lines (K2987 and H2707) were 
used as targets. Freshly trypsinized cells were attached 
to microtiter plates using PLL and the ELISAs performed 
as follows. PLL, made up at 1 Mg/»1 in PBS, was adsorbed 
to immulon 96-well microtiter plates by incubating 75 
ul/well of the PLL solution for 1 hour at room temp, 
carcinoma cell lines (cultured in IHDH with 15% FCS) were 
trypsinized, washed twice, and resuspended in PBS at 2 x 
10 5 cells/ml. The PLL treated ELISA plates were washed 3 
times with saline/Tween (all wash steps done with a 
gravity flow wash system) . The cell suspension was added 
at 100 Ml/well (about 20,000 cells/well) and incubated 
for 1 hr at 37 -C. The plates were then washed 3 times 
with saline/Tween. Antibodies were diluted in specimen 
diluent (5% nonfat dry mil*, 100 ,il/L Foam A, 0.01% w/v 
thimerosal in PBS) then added to the ELISA plates (100 
M l/well) and incubated for 1 hr at room temp. Following 
incubation, the plates were washed 3 times with 
saline/tween, and peroxidase-conjugated goat anti-human 
or mouse IgG (Tago) diluted in specimen diluent was used 
as a second step reagent, (100 Ml/well) and incubated for 
1 hr at room temp. The plates were then washed 5 times 
with saline/Tween, and tetramethylbenzidine (TMB) 
chromogen (TMB), diluted 1:100 in buffered ^ ra f' ™* 
added (100 Ml/well) , and plates incubated for 20 minutes. 
The reactions were stopped with 100 Ml/well of 3K H 2 S0 4 
A the plates read at dual wavelength, 450/630nm. 

Untreated monoclonal antibody BR96 was compared 
to homoconjugated BR96 IgG dimers using approximately 
equivalent protein concentrations of antibody. The 
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results, shown in Fig. 5A-D for each of the tested tumor 
cell lines, indicate that the relative binding activity 
against the four tumor cell lines by the predominantly 
dimer homocon jugate preparation was greater than by the 
5 initial IgG BR96 monomer. 



10 EXAMPLE III 

Tnrreased In Vitro Activ ity of Homoconiugates 

As an indication of In vivo effectiveness, the 
monoclonal antibody homocon jugates to GBS were tested in 

15 an in vitro opsonophagocytic assay. Homocon jugates to JL. 

coli Kl were tested for functional activity in two types 
of opsonization assays described below. Homocon jugates 
of BR64 were tested for An vitro function in a complement 
dependent cytotoxicity assay, and homocon jugates of BR96 

20 were tested in a complement independent cytotoxicity 

assay. 

Opsonization of GBS bv H omocon-tuoates of D3 

The opsonophagocytic assays for GBS were 

25 performed as follows. Bacteria were prepared by 

inoculating 10 ml of tryptic soy broth (TSB) with 50 nl 
of an overnight broth culture. The tubes were incubated 
at 37 *C on a shaker for 3 hours at which time 1.5 ml of 
the culture was centrifuged for 1 min. at 10,000 x g, the 

30 spent culture media discarded, and the pellet was 

suspended in 3.5 ml of Hank's balanced salt solution 
containing 0.1% gelatin and 5 mM HEPES (HBSS/Gel) . The 
bacterial concentrations were adjusted to about 3 x 10 4 
bacteria/ml by measuring the O.D. 60 q and making the 

35 appropriate dilutions (approximately 1:50,000) . Human 

neutrophils were isolated according to van Furth and Van 
Zwet ("In vitro Determination of Phagocytosis and 
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Intracellular Killing by Polymorphonuclear and 
Mononuclear Phagocytes," in HanflfrooK Experimental 
Tmmnnoloav . Vol. 2, D.M. Weir, ed. , 2nd edition, 
Blackvell Scientific Publications, Oxford, 36.1-36.24 
(1973)) with several modifications. Buffy coat from 5 ml 
of hepariniaed blood diluted 1:2 with PBS was underlayed 
with Lymphocyte separation Medium and centrifuged. The 
red blood cell (RBC) pellet was washed once with RPMI 
1640 medium and resuspended in an equal volume of 37 «c 
PBS. Twenty-five ml of this suspension was added to 25 
ml of 2% dextran (in 37 «C PBS) and the contents gently 
but thoroughly mixed end over end. After a 20 min. 
incubation at 37 «C to allow the RBC's to sediment, the 
supernatant (containing neutrophils) was removed, washed 
twice in 4«C PBS, once in HBSS/Gel, and suspended in same 
to 5xl0 7 neutrophils/ml. For the complement source used 
with GBS, human serum was thrice adsorbed with live 
bacteria (Bjomson, A.B. and Michael, J.G., J, Inft Pis. , 
130 Suppl:S119-Sl26 (1974)) corresponding to the 
20 organisms used in the assay. 

For the assay, into 1.5 ml sterile 
polypropylene microfuge tubes were added _250 Ml antibody 
(test homoconjugates or monomer) preparation in 10% fetal 
calf serum in HBSS/gel with HEPES and 100 Ml bacterial 
suspension (about 3 x 10 4 bacteria/ml) . After 30 minutes 
at 37 'C, 150 Ml containing 75 Ml complement, 50 Ml 
neutrophils (5 x 10 7 ml) , and 25 Ml HBSS/gel were added. 
The mixtures were incubated on a rotator for 60 minutes 
at 37 «C, after which they were placed into an ice water 
slurry. After 10 minutes, 20 Ml from each tube was added 
to a 100 mm petri dish containing 3 ml of solidified 0.5% 
tryptic soy broth agarose, followed by incubation at 
37 »C. After 18 hours the colonies were enumerated and 
the data was reported as colony forming units (CFU) for 

35 each condition. 

The results for homoconjugates of D3 are shown 
in Fig. 6, where the dimer and trimer required much less 
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antibody, on a nanogram protein basis, to opsonize the 
GBS strain tested when compared to the initial IgG 
monomer. 

As a further indication of An vivo 
effectiveness, homoconjugates prepared with an additional 
monoclonal antibody to the group B carbohydrate of GBS 
(D3, produced as generally described in Raff et al., £Lc 
infect. Pis, 163:346 (1991) and PCT patent publication WO 
$1/06305, each of which is incorporated herein by 
reference) were tested in In vitro opsonophagocytic 
assays against two GBS strains, M94 and 1334. The 
results of the assays are shown in Fig. 7, where it is 
evident that the anti-GBS D3 homoconjugates resulted in 
increased opsonization of the GBS human clinical 
isolates. Again, these results suggest that the 
homoconjugates will significantly increase the in vivo 
protective activities of the antibodies when compared to 
the parental IgG monomeric monoclonal antibodies. 

opsonization of E. coli Kl bv 5B1-G Homoconjugates 

To isolate human neutrophils, heparinized human 
blood (5 ml) was layered onto 3.0 ml of Mono-Poly 
Resolving Medium (MPRM, Flow Labs) in polystyrene tubes 
and centrifuged for 30 minutes at 300 x g at room temp. 
After centrifugation, three cell layers were evident, 
with the middle layer containing neutrophils. The serum 
and top cell layer were removed and discarded, the 
neutrophils collected and added to a 50 ml tube 
containing pre-warmed PBS* The neutrophils were 
centrifuged for 10 minutes at 300 x g at room temp., the 
supernatant discarded and the cell pellet resuspended 
with 10 ml tissue culture media (RPMI-1640) containing 
0.5% gelatin, and the cell concentration adjusted to 5 x 
10 6 cells/ml. 

The assays were performed as follows. To 
luminometer tubes (LKB Nuclear) were added 100 /il 
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containing appropriate test (5E1-G) or control IgG 
monoclonal antibody monomer to E,. fleruqlnosa flagella, 
100 Ml log phase growth bacterial suspension (OD 660 
-0.02), and 100 |tl diluted bacteria-adsorbed human serum 
5 complement, final concentration 3.3%. The complement was 

thawed just prior to use and received 5 nl of 2 M 
CaCl 2 /ml. The tubes were placed into a prewarmed LKB 
Luminometer which allows 24 tubes to be run on a 
continuous reading cycle. After 30 minutes in which the 

10 tubes were warmed and periodically mixed, 100 Ml of 

neutrophils (5 x 10 6 /ml) and 600 /il of 10"« M Luminol in 
Hank's Balanced Salt Solution were added. Counting 
sessions for 25 continuous cycles, which corresponded to 
-80 minutes for 24 sample tubes, were initiated. The 

15 chemiluminescence intensity was displayed as millivolts 

(mV) with 

mV values for tubes containing the test antibody 

signal: noise ■= 

average of tubes containing negative antibody. 

20 

The results of the assays are shown in Fig. 8, 
where it is evident that the homoconjugates resulted in 
increased opsonization of the Yt*. SZffiU organisms than the 
initial IgG monomers. The homodimer and homotrimer of 

25 5E1-G were significantly more opsonic than the 5E1-6 IgG 

monomeric form. As the opsonophagocytic assays are 
typically predictive of in yiva ability to protect 
animals (see, e.g., U.S. Pat. Ho. 4,970,070, incorporated 
herein by reference), these results suggest that the 

30 dimer and trimer homoconjugates will significantly 

increase the in yiyo. protective activities of the 
antibodies when compared to the parental IgG monomeric 
antibody. 

As a further confirmation of in Yii£fi efficacy, 
35 and thus in yixs activity, the monoclonal antibody 

homoconjugates to £. soli Kl were tested in in yitro 
opsonophagocytic assays, as described above, against two 
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additional £. coli Kl strains, H16 and A14. As shown in 
Fig. 9, the anti-E. coli Kl homoconjugates resulted in 
increased opsonization of the human clinical isolates, 
suggesting that the predominantly dimer homocon jugate 
5 preparations will significantly increase the In xlyo 

protective activities of anti-E*. £2li Kl monoclonal 
antibodies. 



10 Complement Dependent cytotoxicity BR64 Homoconluaates 

In vitro functional assays were also used to 
demonstrate the increased functional activity of the 
anti-tumor antigen homocon juga ted monoclonal antibodies. 
For testing BR64 homoconjugates, target tumor cells 

15 (H3630) were labeled with 51 Cr by incubation 1 x 10 6 

cells/0.3 ml tissue culture media in 100 fid of 51 cr for 
1 hour at 37°C, 6% C0 2 . After, washing to remove excess 
51 Cr, 2 x 10 4 labeled cells in 67 ftl media (RFMI-164Q 
plus 15% fetal bovine 6erum) were added per microtiter 

20 plate well. Next, 67 /il of the appropriately diluted 

test monomer (BR64), a negative control monomer (Mab 
96.5), or homocon jugated (dimer) monoclonal antibody was 
added to duplicate wells. Finally, 67 /il of freshly 
thawed human serum complement was added to each well, the 

25 plates covered with parafilm and incubated at 37 # C for 4 

hours. After incubation, plates were centrifuged at 400 
g for 10 minutes, and 100 |il of supernatant was removed 
from each well and placed in 12 x 75 mm polystyrene 
tubes. The tubes were counted in a gamma counter. The 

30 following controls were included in each assay: 
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Table 1 



Nell 



Media 



Spontaneous Release 
Complement Toxicity 
Total Incorporation 
Maximum Release 
Antibody Alone 



134 
67 

134 
67 
67 



5 



Serum 



Diluted 
Antibody 



67 



67 



* Amounts are expressed as /a/well. 



Target 
Cell 



67 
67 
67 
67 
67 



*Prior to incubation of the assay, these are the only 
cells. 



The percentage kill (% kill) was calculated from the 
following formula: 

[Test (mean CPM> He' control (mean CPM)] 

x ioo «= % kill 

Total incorporation (mean CPM • HC control (mean CPM)] 

where CPM is counts per minute as average of duplicate 
samples obtained from measurement in gamma counter and 
He* is complement Toxicity control. 

The results of the assays are shown in Fig. 10, 
where it is evident that the homoconjugated DR64 resulted 
in eight times greater killing of the targeted tumor 
cells than the initial IgG BR64 monomer. The CDC assay 
is generally predictive of In xi^ ability to protect 
animals against tumors. These results suggest that the 
homoconjugates will significantly increase the utility of 
such antibodies An siSfi against tumors, particularly when 
compared to parental IgG monomer antibodies. 
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Increased Complement Independent Cytotoxicity of Chimeric 
BR96 Homoconiuaates 

Target tumor cells (H3396) at 5 X 10 5 cells/tube 
5 were mixed with 100 Ml of test antibody and were 

incubated at 37 *C for 30 minutes. Cells were pelleted 
and mixed with the appropriate concentration of propidium 
iodide (Sigma, 10 /ig/tube) . Propidium iodide is a DNA 
reactive stain that only penetrates the membrane of dead 

10 or dying cells* Therefore, by guantitating the number of 

fluorescent cells within the population, the number of 
dead cells can be determined (Hellstrom et al., Cancer 
pes . , 50:2183-2190 (1990)). After incubation for 10 
minutes, the cells were washed in tissue culture media 

15 containing 15% fetal calf serum, resuspended in same, and 

placed on ice. The cells were analysed for fluorescence 
on an EPICS Fluorescence Activated Cell Sorter which 
guantitates live and dead cells on the basis of 
fluorescence and size (small and large represent dead and 

20 live cells, respectively). The results (Fig. 11) showed 

that the BR96 homocon jugate dimers were dramatically more 
effective in killing the tumor cells than- the initial 
monomer. These results suggest that the homocon jugates 
will significantly increase the utility of such 

25 antibodies in vivo against tumors. 



35 
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EXAMPLE IV 

j F v jyp Protection Aaalng t F. coll Kl Infection In 
yjgonatal pats Usip g TaG Homoconluqates 

5 Outbred Sprague-Dawley rat pups less than 48 

hours old (housed with their mothers) were injected 
intraperitoneal ly with approximately 72 fc. fiSli Kl 
organisms, and 2 hours later received 1 or 5 ng of dimer 
homoconjugates of 5E1-G, or 100 Jig of monomeric 5E1-G 

10 antibody, or control IgG and IgM antibodies. In all 

experiments, the rat pups were examined daily for 
symptoms and were scored for survival. The results of 
the experiments, shown in Table II below, demonstrate 
that 5 /tg of the dimer homoconjugates of 5E1-G antibody 

15 protected significantly more animals from death when 

compared to animals receiving twenty times the amount 
(100 jig) of monomeric antibody. 



20 



Table II 

Protection by Homoconjugates Against 
F- go3 l K1 infections _ 



25 



30 



35 



Antibody 
(per rat) 



Dose n ^Survival 

(per rat) (rats/group) (Survivors/Challenged) 



5EWgM 

5El-lgG Monomer 

5EMgG Conjugate 
SEl-lgG Conjugate 

21B8 (Negative control) 
No antibody control 



20 ng 


26 


100% 


100 « 


15 


40% 


s#g 


14 


78% 




14 


29% 


100 Kg 


24 


0 


• 


25 


0 



p value 



<0.001 
<0.01 

<0.01 
<0.05 



40 



*Based on survival in experimental group versus 

survival in negative control and controls receiving no 
antibody. 
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EXAMPLE V 

Transplacental Passage of Homoconjugated 
Antibody to Fetuses of Pre gnant Rats 

The ability of the homoconjugated IgG antibody 
to pass through the placenta and into the fetus, and thus 
into the subsequently delivered offspring, was compared 
with the monomer ic antibody. An infant rat model was 
used as an animal model. Similar rat models have been 
used to predict the transplacental passage of antibody 
and other molecules to human fetuses. See generally f 
Brambell, Frontiers Biol. 18:234-276 (1970). 

Two to three days prior to their anticipated 
delivery date, pregnant rats were injected intravenously 
with 40 »q of either monomer ic 5E1-G IgG (monomer) (Dams 
1 and 2) or homoconjugated dimeric IgG (Dams 3 and 4). 
Blood samples were collected from the dams two hours 
after antibody administration and on the day of delivery, 
and from the neonatal rats just after birth. Total human 
IgG and human IgG anti-E^. coli Kl antibody were 
determined in each blood sample using individually 
designed quantitative binding assays (ELISA'b). By using 
anti-human IgG-specific enzyme-labeled secondary 
antibodies, rat IgG was neither detected nor interfered 
with the quantitation of the injected human IgG. 

The amount of transplacentally passaged 
antibody was determined as follows. Anti-human gamma 
chain antibody was attached to microtiter plates using 
carbonate buffer. After adding diluted serum samples 
from the dams or pups, binding was assayed with biotin 
labeled anti-human gamma chain-specific antibodies. 
Since one group of dams received only conjugated 
antibody, any human IgG detected in pup sera should be 
transplacentally passed homocon jugate. 

The experiments showed that the monomeric and 
homoconjugated IgG antibodies were transplacentally 
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passed with approximately equal efficiency. Therefore, 
the homoconjugated IgG monoclonal antibody should be 
useful when administered prophylactically to pregnant 
females at risk of having a neonate with an increased 
likelihood of developing a life-threatening infection, 
such as by £2U Kl in the case of the present 
embodiment. The data also support the use of these 
homoconjugates in transplacental treatment of a variety 
of other infections and tumors. 



10 



15 



20 



25 



EXAMPLE VI 

Tr ^ r -,^^1 p» ssa qe of Homoppni"q*tod Monoclonal 
fl nt <K»* Y frn Grou p ft Streptococci 

This Example demonstrates the transplacental 
passage of homoconjugated monoclonal antibody D3. 

The experiments were performed as generally 
described in Example V for the homoconjugated monoclonal 

antibody to coli Kl. 

The results, shown in Table III 7 below, 
indicated that both the monomeric and homoconjugated IgG 
antibodies were transplacental^ passed. 

TABLE III: Transplacental Passage ©f Homoconjugated 

libodv From Precmant_Rats Jfco_ Their Neonate* 



30 



source 



Time Post 
..InjEPtion. 



Antibody Injected 
^ntnoconj ugate Monomer 



35 



40 



Dams 2 Hours 

Dams 3 Days 

(Day of Delivery) 



Day of Delivery 



1.45±0.4 a 
0.14±0.04 



0.41+0.1 



2.4+0.3 
0.11±0.03 



0.70±0.2 




a concentration of human IgG in rat serum (ng/ml) 
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Accordingly, the homo-conjugated IgG monoclonal 
antibody is useful administered prophylactically or 
therapeutically to pregnant females likely to deliver a 
5 neonate susceptible to developing or already having an 

infection, such as by group B streptococci or cell Kl. 
The present invention also makes possible the use of the 
homoconjugates in transplacental treatment of a variety 
of other infections and tumors. 



15 EXAMPLE VII 

Tn vivo Protecti on Against Group B Streptococcal 
Infection with IoC Homoconjugates 

This Example describes the use of 

20 homoconjugates of the D3 monoclonal antibody to protect 

against group B streptococcal infection 111 viv<?r 
consistent with and confirming the results of the in 
vitro opsonophagocytic assays. 

As generally described for the coli Kl protection 

25 studies described in Example IV above, outbred Sprague- 

Dawley rat pups less than 48 hours old (housed with their 
mothers) were injected intraperitoneally with 
approximately 100 GBS organisms two hours after receiving 
an intraperitoneal injection of either 20, 4, 0.8 or 0.2 

30 Mg of predominantly dimer homoconjugate preparations, 80, 

20, or 4 M9 of monomer ic D3, or control IgG. In the 
experiments, rat pups were examined daily for seven days 
and were scored for symptoms and survival. The results 
from two experiments (data pooled, 25 animals/group) , 

35 shown in Fig. 12, demonstrate the increased In Vivo 

protective activity against GBS of the dimer 
homoconjugates of human monoclonal antibody D3 compared 
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to the initial IgG monomer. As little as 4 ng 
homoconjugated dimer protected animals nearly < 
that conferred by 80 ng of monomer. 



Although the present invention has been 
described in some detail by way of illustration and 
example for purposes of clarity and understanding, it 
will be apparent that certain changes and modifications 
nay be practiced within the scope of the appended claim 
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WHAT IS CLAIMED IS: 

1. A pharmaceutical composition which 
5 comprises covalently cross-linked homoconjugated 

monoclonal antibodies having at least two IgG antibody 
molecules which bind to the 6ame antigenic determinant, 
and a pharmaceutical^ acceptable carrier. 

10 2. The pharmaceutical composition of claim 1, 

the homoconjugated monoclonal antibodies having two 
antibody molecules* 

3. The pharmaceutical composition of claim 1, 
15 the homoconjugated monoclonal antibodies having three 

antibody molecules* 

4. The pharmaceutical composition of claim 1, 
wherein the antibodies are cross-linked by disulfide 

20 bonds. 

5. The pharmaceutical composition of claim 1, 
wherein the antibodies are human. 

25 6. The pharmaceutical composition of claim 1, 

wherein the antibody molecules are murine. 

7. The pharmaceutical composition of claim 1, 
wherein the antibody molecules are murine-human 

30 chimerics. 

8. The pharmaceutical composition of claim 5, 
wherein the human antibody heavy chain is an igG^ 



35 9. The pharmaceutical composition of claim 1, 

which is protective against infection due to E. coli Kl. 
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10. The pharmaceutical composition of claim 1, 
which is protective against infection due to group B 
streptococci • 

11. The pharmaceutical composition of claim 1, 
wherein the homoconjugated monoclonal antibodies bind to 
a tumor associated antigen and inhibit growth of breast 
'tumor cells. 

12. The pharmaceutical composition of claim 1, 
wherein the homoconjugated monoclonal antibodies are 
capable of crossing the placenta. 

13. The pharmaceutical composition of claim 1, 
wherein the constant regions of the light and heavy 
chains of the antibody molecules are human. 

14 The pharmaceutical composition of claim 1, 
wherein the cross-linked antibodies are derived from the 
same cell line. 

15. A method of treating a patient having a 
disease related to an antigen, the method comprising 
administering to the patient a therapeutically effective 
amount of homoconjugated monoclonal antibodies including 
at least two covalently cross-linked IgG antibody 
molecules which bind to the same determinant of the 
antigen. 

16. The method of claim 15, wherein the 
antigen related disease is group B streptococcal 
infection. 

17. The method of claim 15, wherein the 
antigen related disease is E. coli Kl infection. 
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18. The method according to claim 15, wherein 
the homoconjugated monoclonal antibodies are administered 
to a pregnant patient and the homoconjugates are able to 
pass through the placenta into fetal circulation. 

5 

19. The method according to claim 18, vherein 
the homoconjugated monoclonal antibodies are able to 
treat the fetus for the antigen related disease. 

10 20. The method of claim 19, vherein the 

antigen related disease is infection by group B 
streptococci or E. coli Kl. 

21. The method of claim 15, wherein the 
15 antigen related disease is breast tumor and the 

homoconjugated monoclonal antibodies bind to a breast 
tumor associated antigen. 

22. In a method for therapeutic administration 
20 of monoclonal antibodies to a patient for treatment of a 

disease related to an antigen, the improvement which 
comprises administering to the patient hojnoconjugated 
monoclonal antibodies including at least two covalently 
cross-linked IgG antibody molecules which bind to the 
25 same antigenic determinant of the antigen. 
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Opsonophagocytic Assay: 5E1 IgG Homoconjugate 
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CDC Assay with BR64 Homoconjugate 
Using Breast Carcinoma Cell Line H3630 
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